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| ABSTRACT: 2 (A 00

The details of design, fabrication and evaluation of two
| gas and heat sterilizable Geiger-Mueller tubes (Types 5112R
| and 6226) developed for space applications, are covered in |

this report.

The Type 5112R has a stainless steel thin wall cathode
(30 mg/cmz) and the 6226 a grid supported thin end mica
window (1.4-%.5mg/em?),

Samples of both tube types were subjected to all electrical,

: sterilization and environmental tests as required by the Jet
Propulsion Laboratory specifications for this study. In

- addition, the tubes were subjected to extensive shelf life
tests and active .  tests at high counting rates. All JPL

requirements were met successfully by the EON detectors.

Drawings and specifica%}ons for both tube types; sketches of
test fixtures, including those required for shock and vibration

and evaluation test data are included in the report and its

appendices. W! /1.

-
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JNIRODUCTION & TARGET REQUIREMENTS:

The objectives of this program as suﬁmarized from the Scope
and Program of the JPL Contract No. 950681 are as follows:

A. To study and empirically prove the feasibility of providing

Geiger-Mueller tubes which can be sterilized for applications

in space. '

B. The contractor shall perform a testing and/or development
program to provide heat and gas sterilizable Geiger-Mueller
tubes.! Two tube types are required - one with a thin wall
construction and the other with a thin mica end window.

C. The tubes shall meet all applicable requirements and

shall retain their original characteristics after sterilization.

D. Fhysical Requirements

(The following are re-stated from the Requirements Section
of the JPL Statement of Work)

(1) Ihin wall coupter tube:
Diameter : 1" max,
Length 5" wmax,
Effective cathode wall thickness -- 30 mg/cm2

(2) Mica end window tube:

Diawmeter 0.344" nom. -
Length ' 2" max,
Window thickness 1.0-1.5 mg/cm2

SHEET 2 OF
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| (1) Thin wall counter tube
‘ Operating voltage 975v max.
Plateau length 100v min.

Plateau slope
Dead time

Plateau length
Plateau slope
Dead time

F. ter y o

\ (1) Dry Heat: Three cycles - 36 hours each at 145° I 29
in a dry nitrogen atmosphere.
After each high temperature run, the tube

Background due to cosmic rays

at sea level

(2) Mica end window counter tube

Operating voltage

Background due to cosmic rays

at sea level

nts:

5%/100v max.
150 psec max.

35 ¢/m max.

800v max.
75v min.
5%/100v max.
50 ysec max.

5¢/min., max.

+

l shall be allowed to stabilize at room

in a gas mixture consisting of 127 ethylene oxide

temperature, '
| (2) Gas: 32 hours at 110° 2 109
I and 887 Freon 12 by weight,
‘ Relative humidity shall be between 35 - 90%
G. Envir t ments:

(1) Static Acceleratiocn

- : 190g for 20 minutes in each of 3 orthogonal directio

&
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(2) Yibration
o Sinusoidal vibration swept at 1/2 octave/min.
as follows:
a) 0.5" constant displacement 5-17cps
b) 5g rms 17-50cps
¢) 15g rms ; 50-100cps
d) 35g rus 100-2000cps
e) wide band noise - 25g rms for 9 win., 15-2000cps
(3) Shock
(5 blows in each direction along each of three axes)
a) I 200g terminal peak sawtooth - 0.5ms rise time
b) 2 150g terminal peak sawtooth - 5,0ms rise time
c) = 1000g terminal peak-sawtooth - 3.0ms rige time
(4) Ihermal

a) 12 days in vacuum at +75°C
b) 4 days in vacuum at -10°C

11,

METHOD OF APPROACH

As a starting point for the development work, it was decided
to evaluate the standard EON detectors which ﬁost nearly meet
the required physical and electrical characteristics. The
first of these is a stainless steel, thin wall, halogen self-
quenching counter tube known as the Type 5112, The second
1s a stainless steel, thin mica end window miniature tube,
halogen sélf-quenched and known as the Type 6213,

Data sheets for each of these detectors are shown on Pages 11

and 13 ,
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It was proposed to fabricate a number of tubes of each of
these tube types utilizing existing methods of chemical
processing and exhaust, Each step would be evaluated to
determine the normal failure rate. Should the failure rate
in any step preclude a reasonable yield, a study of the
reason for the failures in this particular step would be made.
After modifications were made to eliminate the reasons for
the particular failures, a new lot of detectors would then

be studied and the cycle begun again untilha lot of tubes
which satisfies the required specifications would be suc-

cessfully made.

The reliability analysis would include

1, A review of specifications for all the produced -
materials

2. A 100% check of all incoming material to make sure
that it is in accordance with all EON specifications
and drawings.

3. A review of all chemical processing such as cleaning
and plating procedures !

4. A leak test on the helium Mags spectrometer of all
cathodes after machining to ascertain that the thin
-wall section is vacuum tight and free of any micro-
scopic flaws in the metal.

5. A similar leak detector test of all sub-assemblies
and the fully assembled tubes.

6. Another leak test after the tubes were sealed to the
exhaust manifold before and after baking.

SHEET 5 oOF
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' The finished tubes would, after exhaust and processing, be

tested for their electrical characteristics and then be placed
on shelf-life for a few weeks, After the shelf life, the
tubes would be retested and then subjected to dry heat and

gas sterilization, static acceleration and vibration tests
according to the test flow diagram as specified by JPL.
After each step, the tubes will be visually inspected and

electrically tested.

In order to assure that the mechanical re-positioning of the
tubes under test with reference to the radiological source
remaing constant, regardless of how often the tubes are re-
moved from the test fixture, special test jigs for each tube
type were designed and fabricated. Each test jig has its
radiological source permanently built int; it. The distance
between the tube undér test and the source has been chosen

80 as to give a counting rate of approximately 100 counts per

second.

Originally, it was decided to check three tube parameters
after each of the various environmental tests. The parameters
chosen were relative plateau slope, background and gamma re-

sponse.

Tube data is usually taken at a counting rate of approximately
100 counts per second using one minute readings at each test

point. As we are dealing with random phenomena, it was

—
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necessary to determine whether changes in counting rate
should be attributed to the randomness of the radiation
emission or to a permanent change in the tube itself.

A statistical analysis shéwed that by using counting

times of 1 minute at counting rates of 100 counts per second,
8@ very substantial error in relative pég§§%3 slope could be
Possible & that longer counting times /be used. It was
therefore decided that all counting rate data would be taken

at a counting time of 3 minutes.

III.

LN;ILAL PHASES OF TUBE DESIGN

Among the standard Geiger-Mueller counter tubes manufactured
by EON Corporation are two tube types whose electrical and
physical characteristics were very similar to those required
by JPL. The EON Type 5112 is a stainless steel, thin wall
Geiger tube which it was believed would come very close to
meeting the JPL requirements for the thin wall counter tube.
The EON Type 6213 is an end mica window counter tube which
also was believed to almost meet the JPL requirements for

the mica end window tube.

For comparison purposes, the characteristics of the EON tubes
and the JPL requirements are tabulated in Table 1.

SHEET 7 OF
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JABLE 1

Comparison of Electrical and Physical Characteristics
of the EON 5112 and 6213 Detectors and the Requirements
of the JPL Specification

Diameter

Length

Cathode and thickness
Operating voltage ,
Operating plateau length
Relative plateau slope
Dead time

chkground

Diameter

Length

Window thickness
Operating voltage
Operating plateau length
Relative plateau slope
Dead time

Background

EON 5112

5/8" max.
4-1/4" wmax.
30 mg/cm2
900v

100v min.
10%/100v max.
100 us max.
35¢c/min. max.

"EON 6213

0.344"

1-7/16" max.
1.4-2.0 mg/cm?
550v

75v min
207%./100v

25 ausec

Sc/min max

JEL

1" max.

5" max,

30 mg/cm2
975v

100v min.
5%/100v max,
150 us max.
35¢/min. max.

JEL

0.344"

2" max.
1.0-1.5 mg/cm2
800v max,

75v min,
5%/100v

50 usec max.
Se/min max.

It is apparent that the major electrical differences between

the EON types and the types required by JPL lie in the value

of relative plateau slope.

JPL specifications require a

much lower value of relative plateau slope than is normally

avallable for commercial tubes.

Although it was known that
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it would not be possible to do better than 107 per 100v for
the 5112 and 20% per 100v for the 6213 without major changes
in design and gas fill of the two tubes, the initial electrical

and sterilization tests were made with these tube types.

Tube Type 5112 - Fig. 1

This radiation detector tube is fabricated entirely of Sealmet
HC-1 stainless steel and utilizes Fosterite ceramic for the in-
sulators. The insulators are fused to the stainless steel by
using a powdered glass technique. A specially formulated
glass frit is suspended in distilled water and the suspension
is then applied to the bourdaries of the insulator and the
stainless steel and fused at high temperatures. The result

is a thermally matched fused seal which operates over a very
wide temperature range and can safely be;operated at tempera-
tures up to 300°C without devitrification. We therefore did
not expect any difficulties with the tube envelope or the
metal to ceramic glass sealé from a temperature point of view.
This was not the case with the halogen quench. 1In this tube
type, Chlorine is used as the quenching gas. Chlorine reacts:
violently with steel at elevated temperatures. To reduce

the chemical pesction between the gas and the steel envelope -
at the required operating temperature, the cathode and other
exposed wetal parts are plated with a noble metal which is not
attacked by the halogen gas.

E N .
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Vibration: 5-10,000 cps

Partial Groupings of ENVIRONMENTAL
FACILITIES which enable EON to meet

all your environmental test requirements.

Temperature: —100 F to +350 F
Humidity: 95% RH
Altitude: 0-200,000 ft.



COUNTER TUBE
BETA - GAMMA

METAL THIN WALL, SINGLE PRONG BASE

DESCRIPTION

The EON 5112 is a sturdy, stainless steel, thin
wall halogen self-quenching counter tube which
has been utilized in great quantities in low cost
uranium prospecting and portable radiological
survey and monitoring equipments. It was de-
signed to replace conventional thin wall glass and
aluminum organic self-quenched tubes which were
too perishable and fragile for these applications.

hysteresis; and will not be damaged by over volt-
age or exposure to very high intensity radiation.
Beta, gamma energy response characteristics are
given on the reverse side. These characteristics
are unaffected by temperature changes within the
range —55°C to +75°C.

See Appendix for application notes, performance
nomographs and tables.

The 5112 is stable, exhibits no photosensitivity or

Recommended Operating Voltage:........... 900 Volts
Operating Plateau Length*, at 100 counts/sec.: 100 V. Min.
Relative Plateau Slope*, averaged for 100 volt
interval at approx. 100 counts/sec.:....... .10 % /V. Max.
830 V. Max.

Starting Voltage**: ... .....................

Pulse Amplitudet (circuitry same as for Starting
Voltage) when operating at approx. 900 volts 5

Note: The pulse amplitude is substantially
constant for values of series resistance from
1.20 megohms. The pulse amplitude in-
creases linearly (approx.) with increase in
overvoltage within the voltage interval over
which the relative plateau slope is averaged.

Conventional Dead Time at Recommended
Operating Voltage (series resistor—1 meg-
ohm) . ... . ...

Maximum Counting Rate (assuming 100 micro-
second deadtime) ......................

Efficiency of Detection of Very Fast (3-Particles
and Cosmic Rays: ................ ......

V. Min.

approx.100 microsec.

OPERATING
CHARACTERISTICS

approx. 10,000 counts/sec.

approx.85 %

Photosensitivity and Hysteresis: ... .......... None
Background at Recommended Operating Voltage

(shielded by 14” Alum. inside 2” Lead):. . ... 35 counts/min. Max.
Operating Temperature Range: . ............. —55°C to +75°C
Capacity: ......... ... .. . 3.0 micromicrofarads
Life: unaffected by operation................ Covered by Warranty A See Appendix
Cathode Material: ......................... stainless steel: 289, chromium—729%, iron

Effective Cathode Dimensions: ............. .726” inside diameter x 2 15/16”

Effective Cathode Thickness:
portion of surface.......... 30 mg./sq. cm. 80 %
portion of surface......... 230 mg./sq. cm. 20 %

*Measured with scaler having a resolving time of 5 microseconds; series
resistor = 1 megohm; coupling capacitor = 50 micromicrofarads.

**Gtarting Voltage for this tube is that voltage at which uniform pulses of 1
volt amplitude appear across a 1 megohm series resistor (50 micromicro-

farads coupling capacitor).
+ Peak Voltage which appears across 1 megohm series resistor.

Fig. 1
Page 11
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TECHNICAL
INFORMATION

The EON 5112 detector has been
adapted to many unusual applications,
both industrially and in the laboratory
where the larger sensitive cathode sur-
face proves valuable.

Many have been utilized in satellite ex-
periments. Since the environmental
conditions of many of these applications
preclude the use of the plastic base and
cap, EON will, upon request, supply this
detector as shown in the adjacent out-
line drawing.

Other special adaptions and sensitive

lengths can also be supplied upon
request.

GAMMA RESPONSE:

Tabulated (right) as a function of gamma
(and X-ray) photon energy is the num-
ber of secondary electrons (computed)
which will emerge into the sensitive
volume of the EON Type 5112 counter
tube per square centimeter of counter
tube wall for a normally incident gamma
photon flux of 1000 photons per square
centimeter.

The 5112 gamma response may be
computed by integrating these tabu-

CATHODE

ANODE CONNECTION

FLEXIBLE PIGTAILS
GRADE A NICKEL

l 015~.020 DIA.
3
= (-
&% l
I | 1
1 b 3l L
2 NoMm 34 MAX. 15 NOM.

NOTE: OTHER DETAILS SAME AS STANDARD 5li2 TUBE

Energy of y Photon No. of Sec. Electrons

No. of Sec. Electrons

Sect. of wall 30 mg./cm2 thick

Sect. of wall .012” (230 mg./cm?) thick

0O8Bmev .................... 194 ... ...,
10mev ............... . ... 163 ... .......
20mev ... 135 .........
30mev ... 139 ..........
40mey . ... 141 ...
50mev ............. ... 141 ...
60mev ... 138 ..........
7JO0mev .................... 135 ..........
80mev .............. ... 1.32 ...
90mev ...l 1.27 ...
1.0 mev ............. ... 127 ...
1.1 mev ....... ... ... 124 ...,
1.3 mev ... 119 ...
1.5 mev ... .ol 118 ...

With essentially flat geometry and close proximity of the source to
the window, computed beta particle transmission for the 5112 will be:

lated values over the effective cathode Energy of Particle Source 30 me./ 230 me./
area (see Operating Characteristics). $G- cm.
T_he response for other photon ener- 050 mev Eay of Carbon!4 _ _
gies may be computed using the for- hs;? mev Emax o; Carbon'4 1.4% -
: : . . mev E of Sulphur?s 1% -
mulae given in the Appendix. 254 mev EEZ,T of GalciumAs 919 —
.29 mev Emax of Technetium9? 12.2% -
.335 mev (9.3%) 17.0% -
.608 mev (87.2%) E of lodine!3! 41.7% 1%
.815 mev (0.7%) 53.3% 8%
.61 mev Emax of Strontium?0 41.7% 1%
.695 mev Emax of Krypton3s 45.8% 2%
.714 mev Emax of Chlorine3¢ 47.2% .329%
1.701 mev Emax of Phosphorus3? 75.2% 11.2%
CATHODE — 30 MG/CM2 WALL THICKNESS
ANODE PIN
PLASTIC - 3 e
CAP . % e ! %_2 .250% .005 DIA.
‘ aalne ﬁnom.ﬂl‘
%
<
=
a3
2 !
EON SPEC e 2 =8~
15
NO. 214-6-62 6
2L S . .0.
335 NOM: 1= 7g =T NOM. RING 0.D.
1
4 MAX. ]
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The ‘anode in this tube is fused directly to the ceramic
insulator which terminategone end of the tube, The opposite
end of the anode is centered in a boss which is part of the
ceramic insulator which terminates the opposite end of the
tube., This type of construction doés not permit maintenance
of the accurate centering of the anode under severe environ-
mental conditions nor does it permit placing the anode under

tension to avoid possible sag.

Altogether 52 tubes of this construction were fabricated of
which four tubes were broken accidentally - two on exhaust
and two when clamping in the vibration jig. Thirty tubes
were subjected to all tests as specified by JPL except for
the high rise time shock and wide band noise test. Twenty
tubes were subjected to dry heat and sterilization tests,

acceleration and vibration tests only.

The electrical test data consists of three minute readings of
three points on the plateau and measurement of the background
count, The plateau points chosen for this tube type were
900, 950 and 1000 volté. The 950 volt point is also the
gamma sensitivity test point, The relative plateau slope

was calculated from these three points,
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The test data for these tubes which was attached to the
monthly progress reports showed, however, great variations
in the value of plateau slope/and relatively high background
counting rates. The average relative plateau slope was 9%/

100 volts and the average background 39 counts per minute.

An important factor which contributes appreciably to the

slope of a Geiger-Mueller tube is the concentricity of the
anode relative to the cathode. Other factors for improvement
of slope and length of operating plateau are the nature of

the gas fill and the gas fill pressures. Thése tubes
utilize mixtures of noble gases such as Neon and Argon with
an admixture of a halogen s;ch as Chlorine, Substantial
improvements can be achieved by suitably varying the pro-

]
portions of these components.

It was therefore decided to modify the present tube design
and change gas mixtures in order to obtain more uniform
distribution of background counting rates and flatter plat-
eaus ( 5%/100v). A description oflthe modifications and

the resulting test results is given in Section 2.

Tybe Type 6213 - Fig. 2
This tube type also uses a Sealmet HC-1 stainless steel

cathode and a Fosterite ceramic insulator. The anode 1is

mechanically crimped to an anode support which is sealed to

SHEET- 13 oF
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—“MICA [INU WiNDOW
GLASS BEAD ‘

- —ANODE

— SEALMET HC\
’ SEAMLESS STAIN-
LESS STEEL CATHODE.

GLASS SEALS

—FOSTERITE INSULATOR

ANODE SUPPORT-
SAME MATERIAL
AS CATHODE .

—EXHAUST TUBRULATION

ANODE CAP

FIG. 2

CR0OSS - SECTION
DIAGRAM OF EON
TYPE 6213 GM
TUBE.

SCALE : 2:I
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THIN END MICA WINDOW, MINIATURE, SELF-QUENCHING (HALOGEN)

COUNTER TUBE

ALPHA * BETA - GAMMA

DESCRIPTION

The EON 6213 is a satellitized alpha, beta, gamma
detector designed to provide precise quantitative
measurements of radioactivity over wide ranges
of counting rate. The 6218 is an improved version
of the high level detector utilized in the original
satellite surveys of the Van Allen belts.

It is filled with a spectroscopically pure noble gas
plus halogen admixture; operates in the Geiger

region, and cannot be damaged by over voltage.

Computed alpha, beta and gamma energy response
characteristics are given on the reverse side.
These characteristics are not affected by tempera-
ture changes within the range of —55°Cto4175°C.

See Appendix for application notes, performance
nomographs and tables.

OPERATING
CHARACTERISTICS

Recommended Operating Voltage: . .. ... 550 Volts

Note: Upon request this tube can be supplied
to operate within the range 500-700 volts.
Unless a special operating voltage is re-
quested when ordering, a standard tube will

be supplied.
Operating Plateau Length*, at
100 counts/sec.: ................... 75 V. Min.
Relative Plateau Slope*, averaged for 75
volt interval at approx. 100 counts/sec.: .20 %/V. Max.
Starting Voltage**: ... ... .............. 525 V. Max.

Pulse Amplitudet (circuitry same as for
Starting Voltage) when operating at
B50 wvolts .................... .. ..., 50 V. Min.

Note: The pulse amplitude is substantially
constant for values of series resistance from
120 megohms. The pulse amplitude increases
linearly (approx.) with increase in overvoltage
within the voltage interval over which the
relative plateau slope is averaged.

Conventional Dead Time at Recommended
Operating Voltage (series resistor=1

megohm) .............. .. .. .. ... ... approx. 25 microsec.
Maximum Counting Rate (assuming 25

microsecond dead time) ............ approx. 40,000 counts/sec.
Efficiency of Detection of Very Fast

B-Particles and Cosmic Rays:... ...... approx. 85 %

Photosensitivity and Hysteresis: ......... None

Background at Recommended Operating
Voltage (shielded by 14” Alum. inside
27 Lead): ......... ., 5

Operating Temperature Range: .......... —55°C to 4+75°C

counts/min. Max.

Capacity: ............................ 15 micromicrofarads
Life: unaffected by operation ........... Covered by Warranty A See Appendix
Cathode Material: ..................... stainless steel: 289, chromium—729 iron
Effective Cathode Dimensions: . .......... 093" inside diameter x .300” long
Effective Cathode Thickness:............ .125”

Connector: Anode Terminal is standard JEDEC miniature terminal for which commer-
cial connectors are available.

*Measured with scaler having a resolving time of 5 microseconds; series
resistor = 1 megohm; coupling condenser = 50 micromicrofarads.

**Starting Voltage for this tube is that voltage at which uniform pulses of 1
voit amplitude appear across a 1 megohm series resistor (50 micromicro-
farads coupling condenser).

t Peak Voltage which appears across 1 megohm series resistor.

Fig, 2
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6213

TECHNICAL
INFORMATION

The EON 6213 counter tube is the out-
growth of development work to produce
a detector for high level gamma meas-
urements. The mica window, combined

‘with the design of the cathode, makes it

possible for beta radiation to enter the
small sensitive volume, Very high count-
ing rates can therefore be obtained with
relatively weak beta sources to simu-
late high gamma fields for operational
and calibration check of the detector
and its complete system by means of
weak beta sources. This simulation tech-
nique has become a standard design
requirement in high level gamma mon-
itoring systems.

These tubes can be used in vacuum
or at moderately high pressures where
changes are not abrupt. For applica-
tions where pressures are in hundreds
of pounds or where pressure changes
are sudden, the 6213 can be supplied
with ceramic end windows, The two ver-
sions are electrically and mechanically
interchangeable.

The 6213, because of its thin mica win-
dow, is very useful in the measurement
of high intensity soft alpha and beta
fields. Its miniature size and minimal
weight make it ideally suitable for ap-
plications where space and weight are
at a premium,

The 6213 meets the applicable military
requirements of shock and vibration
and is impervious to corrosion from sale
spray. The use of precision molded ce-
ramic insulation yields tubes which have
uniform dimensions, are mechanically
strong, and uniform from tube to tube.
The thin mica window is sealed to the
cathode by means of a permanent vac-
uum-tight, fused glass seal which, with
other design and processing features,
insures unchanged characteristics
throughout the life of the tube.

ANODE TERMINAL

GAMMA RESPONSE:

Tabulated (right) as a function of
gamma (and X-ray) photon energy is
the number of secondary electrons
(computed) which will emerge into the
sensitive volume of the EON Type
6213 counter tube per square centi-
meter of counter tube wall for a nor-
mally incident gamma photon flux of
1000 photons per square centimeter.

The 6213 gamma response may be
computed by integrating these tabu-
lated values over the effective cathode
area (see Operating Characteristics).
The response for other photon ener-
gies may be computed using the
formulae given in the Appendix.

Energy No. of Sec.

of y Photon Electrons
O8mev................. .480
AOmev. . ... .640
20Mev. ... 1.000
30mev. ... 1.270
40mev................. 1.520
50mev........ . . 1.790
60mev............. ..., 1.980
70mev. .........iiinn 2.220
80mev................. 2.420
G0mev................. 2.630
1.0 mev................. 2.850
1.1 mev................. 3.040
1.3 mev................ 3.420
15 mev................. 3.870

The mica windows of the 6213 will pass alpha particles as follows (computed):

Window Thickness

« Initial Kinetic Energy

« Mean Range in Air

1.4 mg./sq. cm.
2.0 mg./sq. cm.

greater than 1.9 mev
> 2.6 mev

greater than 1.0 cm.
>15cm.

With essentially flat geometry and close proximity of the source
to the window, computed beta particle transmission will be:

STAINLESS STEEL CATHODE

Energy of Particle Source ls: r:rﬁ/ i? 21"%/
.050 mev Eav of Carbon'* 48.0% 36.0%
.155 mev Emax of Carbon'* 82.0% 75.0%
.167 mev Emax of Sulphur®® 83.6% 77.4%
.254 mev Emax of Calcium#* 89.4% 85.2%
.29 mev Emax of Technetium®? 90.7% 87.0%
.335 mev (9.3%) 92.19%, 88.99%
.608 mev (87.2%,)  E of lodine'*! 95.9% 94.2%
.815 mev (0.7%) 97.1% 95.9%
.61 mev Emax of Strontium®® 95.99, 94.2%,
.695 mev Emax Of Krypton®** 96.4% 94.99,
.714 mev Enax of Chiorine® 96.6% 95.1%
1.701 mev Emax Of Phosphorus®? 98.7% 98.1%

T& DIA. SEMI-CIRCULAR GROOVE
FOR MECHANICAL AND ELECTRICAL

CONTACT TO CATHODE

w0
[=4
O
§ CERAMIC INSULATOR
N !
B} / o
-4 Q
H
~1-- <
. <
7 ”
' f
1
- la—.I76 £ 005 3z DIA
L MICA WINDOW
3
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one end of the cerdmic insulator. This sub-assembly is~
then sealed to the cathode. The final assembly step con-
sists in sealing the wica window to the cathode. All seals
are made utilizing the powder glass technique discussed

previously.

Some difficulties were anticipated with this tube design as
far as meeting the JPL specifications are concerned.(l)The
steépness of the plateau slope results in great part from
the internal design of the tube. The ratio of length of
cathode to diameter is very poor for a low value of plateau
slope - optimum is 6f the ‘order of 45, In the 6213 this
ratio is 2.7. '

(2) The small diameter anode (.012) is supported at one

end utilizing a cantilever suspension. Therefore the anode
cannot be maintained in tension because the end mica window
is at the opposite end making it impossible to provide an
additional point of support at the window end. It is
therefore possible to have the anode‘off center and not con-
cantric with the cathode over its entire length. This
eccentricity also contributes importantly to high plateau

slope.
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adjacent crystals of wica.

(3) The problem of the end mica window itself meeting
the requirements of operation in a vacuum environment.
Unless steps are taken to prevent reversal of the curva-
tures of the window as the external atmosphere pressure |
is removed (as would be the case when the tube is caused
to operate in a vacuum) the mica may fracture. Repeated
flexing also may bring about a failure as a result of

fatigue which is further aggravated by separation of

SHEET 17 oF




ENGINEERING DATA
EGN €/ectronic-Optical-Nuclear products '

: . 175 PEARL ST., BROOKLYN, N.Y. 11201 DATE ISSUED:

DaTe: Dare: DATE:
RevisioN A Revision B Revision C

¥

Altogether 34 tubes of this tube type were fabricated.

The plateau test points chosen were 550, 600 and 650 volts.
The 600 volt point was also the gamma sensitivity test point,
The plateau slope was calculated from these three points,

The tubes were subjected to three dry heat and one gas
sterilization cycle. Out of this lot nine tubes were lost
during the gas sterilization cycle. An investigation of the
failures indicated that many mica windows had been damaged.
The windows were broken on some tubes; on others, the win-
dows were cracked. It was established that most of the win-
dows had been damaged when the gas sterilizer was evacuated.,
It was, therefore, decided to modify the tube design and pro-
vide a strong back for the window made out of 1/2mil stainless
steel. This materialiuaq chosen 8o as to be thermally '
compatible with the mica, the cathode and the glass seals of
the detector. A chemical milling technique is used to etch
these sub-miniature strongbacks., This techniéue not only
produces a reinforcement membgr without burrs and sharp edges

but also enables us to control the dimensions of the strongback.

Two different designs of strongback are available. They diffex
only by the percentage transmission - see Figs. 3 & 4, One
design (Fig. 3) consists of two crossbars having a width of
0.020". The crossbars form part of a ring the dimensions of
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which match the outside and ingide dimensions of the mica
window seat. The other design (Fig. 4) consists of a mesh

design.

The average value of the plateau slope was greater than 207%
Perl00v and therefore, far in excess of the JPL specification.
As mentioned previously the steep slope was due to the poor
geometry, i.e. small rate of length to diameter of the sensi-
tive length, It was, therefore, suggested to JPL that the
Type 6213 be replaced by a tube which was slightly larger
than-the 6213, was ruggedized and had geometry more nearly
equal to the optimum. JThis new tube type was similar to

the 6222R - gee Fig. S.

Iybe Type 6222R - Fig. 5

This tube type also utilizes a stainless steel cathode, a
Fosterite ceramic insulator and an anode support. The anode

is crimped in the anode support. For additional support and

centralization, it was proposed that a ceramic yoke be located

within the cathode, as shown in Fig. 5.

Fifteen tubes of this design were fabricated. Eight tubes
had the crossbar strongbacks and seven tubes had the mesh

design strongbacks.

—
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After performing the necessary electrical tests, all tubes
were placed in the gas sterilization chamber and remained

there for 36 hours. After sterilization no appreciable
differences in counting rates, plateau slopes and backgrounds
were found when the test results were compared with the initial
results, Four of these tubes were then subjected to vibra-
tion tests. Two passed these tests; two tubes showed changes
in their electrical characteristics after the 35g, 100-2000cps
test, Visual inspection of these two tubes showed a marked
distortion of that section of the anode wire which protrudes
beyond the supporting ceramic yoke - gee Fig. 6. Due to

this distortion, and the resulting eccentricity of the anode,
the plateau slope increased considerably. It was also found
that the plateaus were initially not as flat as had been an-
ticipated. The average plateau slope of these tubes was 15.9%.
We believe that the reasons for the steep plateau were twofold.
First the end of the anodes and the metal strongbacks were too
close together, thus increasing very rapidly the end effect

48 a function of increased anode voltage; and secondly, because
of the ruggedizing ceramic yoke, the sensitive length of the

anode was reduced.

It was therefore decided to revise the Type 6222R by increasing
the distance between window and anode, reducing the length of

the supporting ceramic and reducing the size of the glass

bead at the end of the anode to a minimum.
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DIAGRAM SHOWING HOW

RUGGEDIZED TUBRE ©OF

FIG. 5 FAILED IN VIBRATION.
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An experimental batch consisting of 9 tubes of the

revigsed version of this tube type was made. The tubes

were tested for their electrical characteristics and five
'

of the tubes were subjected to vibrations of 100-2000 cps
and 35g.

The analysis of the test results of the revised version
showed a better mechanical performance but no marked im-
provemnt of the plateau slope was obtained. In order

to meet the JPL specifications, a completely new tube

type had to be developed. Description of this new type
and the test results will be dtscus;od in the next section,
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FINAL TUBE DESIGN AND CONSTRUCTION

5112R - Fig. 7

As a result of tests described in the previous section,

it was decided that it would be necessary to effect ma jor
modificationas in the design of this tube in order to arrive
at a suitably ruggedized tube. |

The modification consisted of a re-design of both ceramic
insulators, adding an anode support and putting the anode in
tension. The catﬁode and the exterior dimensions remained
the same,

The re-design of the tube permitted a most perfect concentricid
ty of the anode with respect to the cathode. The ceramic
insulator which accepts the exhaust tubulation has a central-
1zing hole for the anode and two additional holes which permit
exhaust of tube and also serve as entrance ports for the gas
fill. The anode wire is provided at one end with a small
ball for énchoring in the centralizing hole in the ceramic
insulator. After both ingsulators are sealed to the cathode,
the anode .is inserted into the centralizing hole and the

anode support;while maintaining the anode wire in tension,

the anode support is crimped and sealed off by heliarc weld- -
ing. The tubes are then leak tested and sealed to the ex-

haust manifold. Proper tension is given by a 5 1b. weight.
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Altogether 35 tubes of this tube type were made. Some were
tested for electrical characteristics only; others were sub-
Jected to all specified tests except for the high rise time
shock tests and wide band vibrationm. Ten tubes were selected
at random and subjected to all specified tests. All tubes

passed their respective tests,

Out of the lot of 35 tubes, five were lost; three tubes were
accidentally damaged in handling and two tubes went into dis-
charge as a result of a shift in the plateau. The average
plateau slope of the tuﬁes of this construction improved con-
siderably as compared to the slopes of the previous construc-
tion. The attached test data indicates a minimum variation

in counting rates and general lowering of the background count.

6226 - Fig. 8

To fulfill the requirements of this contract with reference
to a 5% plateau slope, a new tube design was developed.

The outside dimensions of the new type were kept identical
to the dimensions of Type 6222R. The anode dimensions and
the filling mixture were changed. Extensive investigation
was made to deterwine the optimum gas wixture for the new
anode-cathode construction. The ruggedization of this type

was achieved by using a heavy anode which is crimped into the
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anode support. In spite of the cantilever suspension of the
a;ode, no problems on vibration and shock were encountered
because of the use of the large diameter anode. Preliminary
tests performed with tubes having this new structure showed
excellent mechanical and electrical results. The plateaus were
flat and within JPL specifications. The backgrouﬁd also was

very low.

Altogether 20 tubes of this tube type were made. Three tubes
were lost initially becduse of a sh{ft in the plateau during
the three dry heat sterilization cycles, Twelve tubes were
successfully subjected to all tests as specified by the JPL
specifications. The test results are discussed in a subse-

quent section.
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Specifications '

The final specifications developed for the Types 5112R
and the 6226 detectors are supplied in this sectiom.

The specifications have been prepared in the MIL format
80 a3 to take ddvantage of the established test methods
and procedures which have already been developed and
standardized by the Services for similar detectors.

The specifications, as written, are suitable for pro-
curement purposes.

The testing of the prototype tubes whose method of
fabrication was described previously in this report, |
has been performed in accordance with these specifications.
Test results are given in following sections.
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INDIVIDUAL MILITARY SPECIFICATION SHEET
(Note 1)
ELECTRON TUBE, RADIATION COUNTER, GEIGER-MUELLER

HIGH SENSITIVITY BETA-GAMMA, HA

LOGEN, SELF -QUENCHING,

METAL THIN WALL, RUGGEDIZED STERILIZABLE
EON J112R
Ratings: Operating Voltage Rp
absolute Vo Meg
Maximum: 1000 -
Minioum: 900 1.0
Test Cond.: (Note 2) 950 1.0
Dimensions: Per Outline **Cathode: Sealmet PRC-1
stainless steel material
Ref. Iest Conditions Min. Max.
3.1 Qualification Required
Approval: for JAN
marking
3.7.4 Marking:
3.7.6 Additional
Marking:8 Note 3
4.5 Holding Note 11 Note 12
t=60 days
4.19.1.1.1 Background & t=2 winutes
Contamination: Note 5 N/t:-- 35
Npm
4.19.1.1.2 Photosensitivity t=2 minutes N/t:i-- 20
Npm
4.19.1.2 **Leakage Vo=500 Vvdc Llb:-« 0.5
Current MAde
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Ref. Iest Sconditions Min, Max,
4.19.2.2.1.1 Relative Voltage range= P8tee- 0.075%/V
Plateau 900-1000 vde
Slope: Note 5
4.19.2.2,1.3 Plateau
length P1:100 ---Vde
4.19.2.3.1 Gamna t=2 minutes N/t:7000%157 cpm
Response Note 7
4.19.2.4 Pul;e‘ud Vo-?SO Vde
Amplitude Nps/eg:= i$ -==Vde
280 max %o
Rp=1.0 megohm
**Conventional
Dead Time Rp=1.0 megohm
Coupling
Capacitor =
30 uuf tyie- 130 peec:
Vo=950 Vdc’
Note 8
*Dry Heat ’
' Sterilization Note 15 Note 4
*Gas
Sterilization Note 16 Note 4
*Thermai, T=75% Note 4
Vacuum( 1) t=288 hours :
Test Chamber
Pressure - 0.3" Hg
*Thermal- o
Vacuum(2) T= -10°C Note 4
t= 96 hours
Tegt Chamber
Pressure - 0,3" Hg
*Static
Acceleration a= 190§ Note 4
t= 20 min,
Notes 9,13
*Vibration(1l) Notes 9,10,14 Note 4
**V4ibration(2) Notes 9,10,17 Note &

N I N T N S - e - —
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Ieat

*Shock (1)

**Shock (2)

*kShock (3)

Gopditions

Notes 9,10,18

- 200g terminal
peak sawtooth;
0.5 millisecond
rise time

otes 9,10,18

- 150g terminal
peak sawtooth;
5.0 millisecond
rise time

Notes 9,10,18

- 1000g terminal

ak sawtooth;
.0 millisecond
rise time

Min. Max.

Note &

Note &

Note 4
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Note 1: The requirements and tesats of Specification MIL-E-1D
shall apply except as otherwise required herein..

Note 2: Tests may be made in any sequence.

Note 3: Each tube is to have an individual serial number
which shall be legibly punched or engraved into
the cathode.

Note 4: Criterion for passing this test shall be compliance
after test of at least 807% of the tubes with the
following requirements:

(1) Gamma response - initial limits .
(2) Relative plateau slope - initial limits - - 0.02%/V
(3) Background and contamination - initial limits

Note 5: 1In determining tube response (count rate) Vo=950 Vdc
and Rp=1 mef. Tube count rates shall be determined
using a scaler having a resolving time of 5 mirco-
seconds and a discrimination level of one volt.

Note 6: The tube shall be exposed to radiation from a General
Electric 15-watt germicidal lamp and a General Electric
15-watt fluorescent lamp, or equivalent.

Note 7: The gamma response excitation test fixture
in accordance with EON drawing SK146-1004.

Note 8: Use power supply and scope of Pulsge Amplitude Test.

Note 9: Acceleration and/or vibration and/or shock shall be .

applied as follows:
(1) parallel to long axis of tube
(2) perpendicular to long axis of tube
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Note

Note

Note

Note

Note

103

11:

12:

13:

14:

15:

- (D) After stabilization at room conditions, the

Test shall be performed utilizing fixture in
accordance with EON Drawing No. SK 146-1030.

Tests in Note 12 are to be performed siity (60)
days after initial performance of all production
tests.

Tube shall meet the initial acceptance requirements
for background and contamination; - gamma response
and relative plateau slope.

Test sghall betgerformed utilizing fixture in
accordance with EON Drawing No. SK 146-1043

A sinusoidal vibration swept at 1/2 octave per
minute

(i) % 0.5 inch constant displacement, 5-17 cps.
(11) 5 g rms, 17-50 cps |

(111)15 g rms, 50-100 cps

(iv) 35 g rms, 100-2000 cps

(A) The tubes shall be placed in a chamber provided
with a dry nitrogen atmosphere snd+thg temperature
raised to and maintained at 145°C 2 29C for 36 hours.

(B) Upon completion of the process described above,
the tubes shall bs removed from the chamber and
allowed to stabilize at room conditions.

(C) This procedure shall be performed a minimum of
three (3) times on each unit.

units shall be energized and tested. The tubes
shall be examimd for deleterious effects such as
cracking, softening and discoloratim.
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Note 16:A)The tubes shall be placed in a chamber

and allowed to stabilize at 110° I 10°F.

The gas mixture (127 ethylene oxide and 88%

Freon 12, by weight) shall then be introduced
into the chamber. Sufficient water va must

be added to the gas mixture to raise the relative
humidity in the chamber to between 35% and 907%.
The gas concentratios, temperature, and relative
bumidity shall be maintained within the specified
limits for the test period of 32 hours.

B)At the end of the test period, the ethylene oxide
mixture shall be purged from the chamber with dry
air or NZ'

C)The tubes shall be removed from the chahber ard
after stabilization at room conditions, be energized
and tested.

Note' 17: Wide-band noise, 25 g rms, 9 minutes duration,
15-2000 cps |

Note 18: Test is performed 5 times in each of the
directions of Note 9. '
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+.005

.080 ._., — /
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INDIVIDUAL MILITARY SPECIFICATION SHEET
(No;e 1)
ELECTRON TUBE, RADIATION COUNTER, GEIGER-MUELLER,
HICH SENSITIVITY, BETA-GAMMA, HALOGEN, SELF-QUENCHING,
END MICA WINDOW, RUGGEDIZED, STERILIZABLE
EQON 6226
Ratings: Operating Voltage Rp
absolute Vo Meg
Maximum: 800 _———
Minimumr: 700 1.0
Test Cond.: (Note 2) 750 1.0
Dimensions: Per Outline **Cathode: Sealmet PRC-1
stainless steel material
Ref. Test Conditions Min. - Max.
3.1 Qualification Required -—- -——-
Approval: for JAN
marking
3.7.4 Marking: - -——-
3.7.6 Additional
Marking: Note 3 .- ———
4.5 Holding Note 11
t=60 days Note 12
4.19.1.1.1 Background & t=2minutes
Contamination: Note 5 N/t:=-- 5 Npm
4.19.1.1.2 Photosensitivity: t=2minutes N/t 5 Npm
Notes 5,6
4.19.1.2 **Leakage
Current: Vo=500 Vdc Llb:-- 0.5
uade 7
4,19.2.3.1 Beta Response t=2 minutes N/t:6 . Nps
Notes 5,19
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Ref. Test Conditions Min. Max.
4.19.2.2.1.1 Relative Voltage range= Ps:-- 0.05%/V
Plateau 700-800 Vde
Slope: Note 5
4.19.2.2.1.3 Plateau
Length: P1:100 --vdc
4,19.2.3.1 Gamma t=2 minutes N/t:?OOQ
Response Notes 5,7 E&a%
4,19,2.4 Pulse Vo=750 Vdc e°:15 Vde
Amplitude Nps/eg:=
200 max
Rp=1.0 megohm
**Conventional
Dead Time Rp=1.0 megohm
Coupling
Capacitor =
t,:-- S0
50 uuf d nsec
Vo=750 Vdc
Note 8
‘ *Dry Heat
Sterilization Note 15 Note 4
*Gas
Sterilization Note 16 Note 4
*Thermal- T=759C Note 4
Vacuum(1) t=288 hours
Test Chamber
Pressure 0.3"Hg
*Thermal- T= -10% Note &
Vacuum(2) t= 96 hours
Test Chamber
Pressure 0.3"Hg
*Static
Acceleration a= 190g Note 4
t= 20 mil‘l.
Notes 9,13
*Vibration(1) Notes 9,10,14 Note &
**Vibration(2) Notes 9,10,17 Note & ]
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Ref.

Test

*Shock(1)

**Shock(2)

**Shock(3)

Conditiong

Notes 9,10,18
$200g terminal
peak sawtooth;
0.5 millisecond
rise time n

Notes 9,10,18
-150g terminal
peak sawtooth;
5.0 millisecond
rise time

Notes 9,10,18

-1000g terminal
eak sawtoothj!
.0 millisecond
rise time ‘

Min.

Note 4

Note 4

Note &4
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Note

Note

Note

Note

Note

Note

Note

Note

Note

Note

Note

Note

10:

11:

12:

The requirements and tests of Specification MIL-%-1D
shall apply except as otherwise required heréin.

Tests may be made in any sequence.

Each tube is to have an individual serial number which
shall be legibly punched or engraved into the cathode.

Criterion for passing this test shall be compliance
after test of at least 807 of the tubes with the
following requirements:

(1) Gamma response - initial limits

(2) Relative plateau slope - initial limits - : 0.02%/v
(3) Background and contamination - initial limits

In determining tube response (count rate) Vo=750 Vde

and Rp=1 meg. Tube count rates shall be'determined

using a scaler having a resolving time of 5 micro-
seconds and a discrimination level of one volt.

The tube shall be exposed to radiation from a Genera.l;j
Electric 15-watt germicidal lamp and a General Electric
15-watt fluorescent lamp, or equivalent, !

The gamma response excitation test fixture
in accordance with EON drawing SK146-1027.

Use power supply and scope of Pulse Amplitude Test.
Acceleration and/or vibration and/or shock shall be
applied as follows:

(1) parallel to long axis of tube

(2) perpendicular to long axis of tube

Test shall be performed utilizing fixture in
accordance with EON Drawing No. SK 146-1028,

Tests in Note 12 are to be performed sixty (60) days
after initial performance of all production tests.

Tube shall meet the initial acceptance requirements
for background and contamination; gamma response and
relative plateau slope.
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Note 13:

Note 14:

Note 15:

Note 16:

Test shall be performed utilizing fixture in
accordance with EON Drawing No. SK 146-1044.

A sinusoidal vibration swept at 1/2 octave per
minute

(1) % 0.5 inch constant displacement, 5-17 cps.
(i1) 5 g rms, 17-50 cps

(111)15 g rms, 50-100 cps

(iv) 35 g rms, 100-2000 cps

(A) The tubes shall be placed in a chamber provided
with a dry nitrogen atmosphere 3nd+th8 temperature
raised to and maintained at 145°C I 29¢ for 3¢ hours.

(B) Upon completion of the process described above,
the tubes shall be removed from the chamber and
allowed to stabilize, at room conditions,

(C) This procedure shall be performed a minimum of
three (3) times on each unit.

(D) After stabilization at room conditions, the

units shall be energized and tested. The tubes

shall be examined for deleterious effects such as
cracking, softening and discoloration.

(A) The tubes shall be Placed in_a chamber

and allowed to stabilize at 110° I }0oOF,

The gas mixture (12% ethylene oxide and 887%

Freon 12, by weight) shall then be introduced
into the chamber. Sufficient water vapor must
be added to the gas mixture to raise the relative
humidity in the chamber to between 35% and 90%.
The gas concentration, temperature, and relative
humidity shall be maintained within the specified
limits for the test period of 32 hours.

(B) At the end of the test period, the ethylene oxide
mixture shall be purged from the chamber with dry
air or NZ’

(C) The tubes shall be removed fram the chamber «

and after stabilization at room conditions, be
energized and tested.

SHEET 42 OF



— ENGINEERING DATA

EGN é/ecfronic-OpﬁcaI-nuclear products
' 4 175 PEARL ST BROOKLYN NY 11201 DATE ISSUED:
DaTE ! Date: Date:
RevisioNn A | | Revision B Revision C
Note 17: Wide band noise, 25 g rms, 9 minutes duration,
15-2000 cps.
Note 18: Test is gerformed 5 times in each of the directions
of Note 9.
Note 19: Test shall be performed utilizing fixture in

accordance with EON Drawing No., SK146-1046.
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lest Regults and Evalugtiop Summariesg:

The test results for both final tube designs are tabulated

and enclosed in Appendix A.

No difficulties or problems were encountered in the testing

of the final prototypes. The tubes passed all required tests
as specified by JPL. All tests except for the high rigse time
shock and wide band noise tests were performed using the
facilities of EON Corporation. The high rise time shock tests
were performed at Environmental Dynamics Division of Turbo
Machine, Inc., Monrovia, California. The random vibration
tests were perforwed at Associated Testing Laboratories, Inc,,

Wayne, New Jersey.

Fig. 9 shows a typical oscilloscope trace of a 150g sawtooth

shock with a 5 milliseconds rise time.

Fig. 10 shows a typical oscilloscope trace of a 1000g sawtooth

shock with a 3 milliseconds rise time.

Ten tubes of each type were selected at random and subjected

to these tests. All tubes passed these tests successfully.
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. Fig. 9 -- Typical trace of 150g sawtooth shock
with 5 milliseconds rise time

Vertical scale == 0.1 v/cw;, 4.2 cm = 150g
Horizontal scale -- 1.0 ms/cm

Accelerometer sensitivity - 28 pk mv/pk g.
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i Fig. 10 -- Typical Trace of 1000g sawtooth shock with
3 millisecond rise time.

Vertical scale: 0.5 v/em; 5.6 cm = 1000g
Horizontal scale: 0.5 me/cm

Accelerometer sensitivity - 2.8 pk mv/pk g
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It was noticed that a small number of the 6226 detectors
exhibited a downward drift of starting voltage. Thie
occurred most often during the third dry heat stefilizatioa
cycle. Although the tubes do eventually stabilize, they
are not suitable for operation at the required operating
voltage as specified in the gpecification of Section V.

The holding period following the dry heat sterilization
test is sufficiently long to permit these tubes to be
detected and removed from the production lots. Figure 11
demonstrates graphically what happens to the operating points

on a plateau when the starting voltage of the tube drops too

much,
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. Curve A represents a normal plateau curve of a detector tube

with a starting voltage of 650 volts. When the starting volt-
age drops, the plateau usually tends to shift in the direction
of lowered operating voltage as shown by curve B. 1If the
drop in stafting voltage is great enough, the plateau curve
will shift to such a degreee (B) that the 800v plateau point
will be in the upward sloping portion of the plateau curve,
thus resulting in a considerable increase in the counting

rate or even in discharge.

The drop in voltage is most likely attributable to a chemical
reaction between the chlorine content of the filling gas wix-
ture and the cathode base material. This reaction is ac-
celerated at higher temperatures. To prevent this reaction
the cathodes are plated on the inside with one, and sometimes,
two metals which are not attacked by chlorine. The plating
sometimes being porous permits the chlorine to penetrate the
pores and combine with the base metal. This results in a
lowering of gas pressue inside the tube and a consequent drop

in starting voltage.

To eliminate this condition it would be advisable to investi-
gate different plating and processing techniques and plating

materials. This is discussed further in Section VII.
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Of the ten 6226 tube samples which were subjected to the

high rise time shock tests, eight tubes passed these tests
electrically and mechanically without exhibiting any degrma-
dation in performance. Two samples passed the tests mechani-
cally but exhibited slight change in their electrical char-
acteristics. Because of this, two additional tubes, chosen
at random, were also shock tested at 1000g and 3 millisecond

rise time and passed without any problem.

Electrical test of the two tubes which had exhibited change
indicated that one (#1989) had suffered a slight shift of the
plateau in the direction of decreasing applied voltage and had
a somewhat erratic behaviour of counting rates at 800 volts.
The seaond tube (#2642) exhibited a very steep plateau through-
out the operating range and went into discharge at 800 volts.
When the operating voltages were reduced to 600, 650 and 700
volts, tube #2642 whs again operating normally although the

relative plateau slope still remained steep.

The change in the electrical characteristics of these two
tubes was finally discovered to have resulted from a slight
deformation of the anode resulting from too great a value of
impact shock.
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Fig. 12 shows a photo of the oscilloscope traces taken
during the ehock tests. The shock test was monitored by
two accelerometers. One was attached to the shock table,
the other to the tube fixture. An analysis of the oscillo-
scope traces shows distinctly that while the table and the
fixture were subjected to a 1000g shock of a 3 millisecond
rise time (upper trace) the fixture and therefore the tubes
received an additional shock of approximately 1250g and 0.5
millisecond rise time (lower trace). This additional shock

was due to the rebound of the thin mounting plate of the tube

fixture. All of the tube samples tested experienced this
additional shock component without failure.

VII
Genclusions and Recompendations

All of the requirements of the scope of this program have
been satisfied by the final EON design of the 5112R and the
§226 detectors. We believe that there aré two areas in
which further development of these two detectors should be
undertaken. We feel that it is necessary to work further
to develop the techniques for creating optimum internal

surface conditions for both the anode and the cathode.
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Fig. 12 - Traces showing response of shock table

and 6226 tubes plus test fixture to 1000g
sawtooth shock of Fig. 10.

Top Trace - shock table

Vertical scale -- 0.5 v/cm; 5.6 cm = 1000g -
Horizontal scale - 0.5 ms/cm
Accelerometer sensitivity - 2.8 pk mv/pk g

Bottom Trace - (inverted) - test fixture
Vertical scale = 2,0 v/cm; 4 cm = 1000g
Accelerometer sensitivity - 8 pk mv/pk g

- - 4- - -j T . Y e—
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Further work is also required to study the composition of

the mixture of gases which make up the gas fill. The gas
mixture is intimately related to the nature of the tube
surfaces. As previously described, the stainless steel

anodes and cathodes are first plated with rhodium and over

the top of this material, we Aeposit a coating of platinum.

The theory underlying this procedure is to provide a protective
cladding surface on all of the electrodes which are exposed

to the chlorine quench admixture. It should be remembered that
chlorine is an extremely chemically active material which goes
into spontaneous combustion with iron at approximately 450°C.
At room temperatures, the rate at which this reaction takes
place, is, of course, infinitesimally small. As temperature
is increased, the reaction becomes more active. In general,
the present processing appears to work. However, an appreci-
able number of tubes exhibit a drift of their characteristics
(gspecially the starting voltage) and this results in a

change in optimum operatig conditions. We have established
criteria which enable us to test our detectors and to predict

successfully which tubes will stabilize.

One present explanation as to why certain of these tubes are
perfectly stable and others continue to change runs along the
following lines. We believe that the claddings are sometimes

porous to the extent that appreciable sections of the steel
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remain unclad and present areas of steel which can react

with the chlorine. There is also some reason to believe that
the coatings themgelves are chemically aétiva surfaces onto
which the gases are adsorbed. Recent tests indicate that

two new avenues of investigation should be undertaken. The
first is to treat the stainless steel surfaces so as to create
impervious surfaces which would not require external cladding.
For exawple, we are considering the creation of inert chromic
oxide surfaces which are known to be resistant to the actions
of either chlorine or bromine. Such surfaces, if properly
created, would not suffer from flaking as is possible with
plated surfaces. The second approach would be to search

for new cladding materials which are not as difficult to

apply uniformly as rhodium and platinum.

It had originally been contemplated that a complete reli-
ability program would be conducted with fespect tb the type
5112R and 6226 detectors. However, because of the diffi-
culties encountered in meeting certain of the characteristics,
the reliability program could not be undertaken in adequate
depth, Instead the main effort was applied to the many
problems of geometry which finally resulted in detectors
which meet the limits as specified.

T 49T 49 T TS T
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of the final design should be undertaken,

We therefore feel that the reliability program which

includes a complete failure analysis for both detectors
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VIII

Electrical and lechanical Test Equipwment

The principal pleces of test equipwent utilized in this

program are as follows: ‘

1. Scaler Baird Atomic Tyge S-135

resolving time 3 microseconds
built-in timer
adjustable discriminator 0-10 volts

Baird Atomic Model 123 The Abacus 11
fixed discriminator

2. TIimer Motor driven X-ray Timer Switch
Model 42

3. Qacilloscope RCA Model W0-91A
Tectronix Type 503

4, Yoltmetexr Hewlett Packard
Digital Voltmeter Model 405 BR

Electrostatic Voltmeter
Sensitive Research Instrument Corp.

5. Tempexatuyre Box Agsociated Testing Laboratories
Model ELH-2-LC-1

6. Qven GECO - Gruenberg Electric Company
Model BG 208
7. Gas Sterilizer . Cryotherm - Model 1016

American Sterilizer Company.

. This sterilizer was designed for use with "canned" gas.
The composition of the canned gas was 11% ethylene oxide;
54.0% Freon 11; 35.0% Freon 12. In order to use the gas
mixture as specified by JPL (127 ethylene oxide; 887% Freon
12) the sterilizer was modified.
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10.

Gentrifuge For the static acceleration tests

an International Clinical centrifuge
was modified. The predetermined

speed of the centrifuge is continuously
monitored by a Gemeral Radio Company
Strobatac Type 1531-A.

shock Machipe For the specified 200g, 0.5 millisecond
rise time shock, EON's Navy Flyweight

machine is used.
The onI{ wachine capable of performing the specified 150g
5.0 millisecond rise time and 1000g 3.0 millisecond rise
time shocks was located at the Environmental Dynamics
Division of Turbo Machine, Inc., Monrovia, California.

The tests were performed on the Model ED-100 single table
machine. This machine is a free fall guillotine type
wachine. In order to obtain the required accelerationm,
the drop table is preaccelerated by two heavy rubber
bands. To obtain the required rise time, the shock
table is dropped on a lead smubber. The desired rise
time is obtained by deforwmation of the snubber. Fig. 15.

The shock tests are monitored using Endevco Model 2225M2
accelerometers and an Endevco Amplifier Model 2614.

Vibration Vibration system consisting of:
Unholtz-Diczie Model VLG-82.
1200 pound force Electro-Dynamic
vibration machine.
Complete system including BK Model 1038
automatic shaker control
Model A103A - Amplifier
Model 206 - Air cooled shaker
Model 607 - Dial A Gain
Model F-90-50 Adjustable type field
supply
Accelerometer Enevco type 2216
Bruel & Kjaer Automatic Vibration
Exciter Control Type 1018,
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American Sterilizer Company

| Fig. 13 -- Gas Sterilizer - Model 1016
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Fig. 14 -- Centrifuge and Strobotac
Used for static acceleration test
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Fig. 15 - Deformation of lead snubber after 1000g
3.0 millisecond rise time shock,

Left specimen is suubber before shock. 1t is
2.550 dia. x 1.650" high.

Right specimen is snubber after shock. 1t has
been flattened to .575" thick.
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Navy Flyweight machine - used for the 200g
0.5 millisecond rise time shock test,

I B Fig. 16 - Type 5112R tubes mounted on shock table of
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B Fig. 17 - Tubes mounted on the Unholtz-Dickie Vibration Table. -
A - tubes in horizontal position
’» B - tubes in vertical position

SHEET 62 OF |



ECIN €@/ectronic-Optical-Nuclear products

((((((

ENGINEERING DATA

175 PEARL ST.. BROOKLYN, N.Y. 11201 DATE ISSUED:
DaTe: DaTE: Date:
Revision A Revision - B Revision C
L}
11. ¥ide Bapd Noise This test was performed at the

Asgociated Testing Laboratories, Inc.
The vibration system consisted of
! Ling Electronics Corp. Vibration
Exciter Model A246
Power Cubicle PP-20/24
Remote Control Console R-1001
Accelerometer Endeveco Model 2215C
Ling Random Noise Control ggggole
B
Kroher-Hite Variable Frequency
Band Pass Filter 3337
Bruel & Kjaer Al Vacuum Tube
Voltmeter 2416
Dimco-Gray Timer 168

The tubes were subjected to random frequency vibrations
over the frequency tangezof 20-2000 cps at an applied
vibration level of 0.3 g</cps (24 g rwe overallg.

The applied vibration level is maintained for a period
of nine minutes in each of the two specified axis.

A crystal accelerometer which is mounted to the test
fixture, 1s used to control the applied vibration level.
The vibration level is determined and monitored on a
system vhich contains 44 parallel band pass filters
with individual attenuators for spectrum shaping.

Each filter has a maximm band width of $0 cps.

The system also contains 44 monitoring circuits with
acceleration ,pectral density monitors which read
directly in g“/cps.
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Fig. 18a -- Photo showing 5112R tubes mounted for
Wide Band Noise Test.

Fig. 18b -- Same as Fig. 18a
for 6226 detectors.
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T3ce | 748/ | 7825 70 Y2 X |/2/1g
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7t23 | 7593 7725 o 37 . Y2
149 | TesY4] 7747 T4 30 - %3
7290| 7575 772/ | &7 32 100-2 yird
7358 | 7584 | 7690 yyi| 2§ 2 VL4
€3iIC | 636/ | L79s| 6% 3e hock Y25
€224 | GYe3 | ¢799 | §2 | 29 2 Y2
c270| €382 7| 75 | 34 . /29
74¢7| 7632 | w017 | 72 2./
T270| 7¢78 | 7563 77 150g y 2./
7093 | 74¢2 | 783/ | 99 , 2.2
7298 | 7404 | 7946 | &7 | 3 2.2

728c | 781 | 79/7 g/ /5 /1%

13cq | 7865| 7%¢/ g3 |, 3/ 15 2/
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S| 7327 W2e| &4 q _ |2008 ¥ Y
719 | 7385| Téoy| S5 | /2 27
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7025 | 7S20| 7717 | G2 | /g 000y | %2
747/ 7747 So/7 7/ /52000 % | %/i2
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7240 | 7320 757 | s 2/ 3| /3o
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7/00 | 7304 | 7504 | S5 /q | Aecel. « [/2/
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£135| £99c| Q230 S ¢ lvibration| S-17x | /&
£63/ | 8963 | G207 G4 | 1) A1y /2
c6sg| 8821 qgizg] &3 /0 17-50 x /&
£598 | Se1s”) Gnd& S /1 17-80y |74
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7235 | 7348 | 7895 | o /3 -y |*/32
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7066 | 7860 | S196 67 20 3 {//3p
7¢cb| 7735/ K182 73 20 m_a% 122§

7622 | 7852 | 8098 | 64 /18 | Accel. x|’
7¢48] 7820 K200 7/ i 2 /2/$q
7¢80| 7811 | K141 &9 2/ w | 3o

Tees5| 78co0| 173 73 22 w | /2/30
7658 7812 8157 ¢y 20 _e5 | (30
Teie | T837] Si1qi | T4 20 - | /%31
7385 7874 | Sey2 | 83 2/ |vibration| S-17 x 76 |
7486 L 7825 | S1S4| & | 22 Slly |’

L 7228| 7788 Kos5| 07 | 25 17-50 x| %
7411 | 7748 Fool.| 77 24 17-30 y ’/5
€394 | 7542 | 13| /6y 2/ -100x |V
€77 747/ | Soég| 18¢ | 2o 0-100y | /3
771G | 7973 F234Y| ¢S /8 100-2 Yrf
7667 | 8053 | &28€| 73+ /9 Y7
7544 7933 | F398£| /04 | 20 |shock Vil
755¢| 789971 F228 | &¢ 2/ 24 |
75S0]| e S282] g0 | 19 wog s | 727

| 130g v

. y 1000g x
4 10008 y

Wide Band /52000 x

{52000 y

Tharmal | + 2%%
- 10%

SHEET ofF *



@lectronic-Optical-Nuclear products

ENGINEERING DATA

.. CORPORATION 17% PEARL ST, BROOKLYN I, N Y. DATE ISSUED:
T DaTe: Dare: ATE:
Revision A Revision B ! ‘ Revision C

R f D0 TUBE TYPE SH2R,

Plateau Points  Volts |R.P.5. |Decks .

(eo GSo | /tce % 5)':"‘“ TEST Date
7183 | 7380] 77501 771 4 Yoo _
1377 | 7629 7847 ¢ /5" |Dry Hest 1| Y23
7¢€q | 74490 | 72231 Jo4 | 23 2l Y5
7203 | 7366 | 7824 £S5 26 317/30

7022 | 7287 76521 921 IiZ2 ] /2/28

7¢57 | 7weoq | 778/ G§ 12 Accel. x| 72/24
Tice | 7422 | 7814 A X | /2/2g
Ti25 | Ty | 7823 .3 18 ) +y | /2/30

7097 14e& | 7799 95| 1 -y |’?/30
711/ THeo | 7765 &8 /Lf- ° /77/3:
78p | 7425 | 7800 | 8¢ 1S =z |’%3(
7073 7267 7870 G o /0 Vibration| 3-17 x Ve
714 | 7228 | Fes5/) | 75| & ' sy |

969 | 7244 | 75¢4 83 /o -50x |78

6-{]23 7254 795¢ /24 /0 17-50 v "y

6‘9‘} /| 7380 | 747§ G4 q $0-100x | Y2
Jben| 7370 | 763 32 kS - e
ey 7524 | 7859 114 A 00-2000x | /14
Txn | 7573 7673 |- S/ /5" - ng
7r)e | 7427 7667 | &7 | /4  |shock y2s”
761 | 756/ | 771/ 73 12 y Y26
7165 | 7494| 7689 70 | 1 Vira

- 150g x|
150g y
1000g x
1000g ¥
45=2000 x
1502000 y
Tharmal | ¢+ 25%
| - 10%




EON

@lectronic-Optical-Nuclear products

. ENGINEERING DATA

g

CORPORATION 175 PEARL ST., BROOKLYN I, N.Y. DATE ISSUED:
Darte: Dare: DaTE.
Revision A Revision B Revision C
TR # /))(L4 TUBE TYPE SUW2R,
Plateau Points Volts |R.P.g. |DAcke ’
Iro 950 /oo % gz;md TEST | Date
4o | 7574 | 7847 S¢ S ' 773
2278 | 7684 | 7805 | €2 8 1 ’/7%
7263| 7628 | 7770 €71 /3 21 7hg
7410 | 7éeo | 7851 S8 /9 33
46| 7329 | 7145 | g/ /2 '2/28
7lco | 7289 | 7740 | 88 | o | Aeecel, x| /2/29
1202 | 7301 | 7¢99 | & & | /o X | /2/29
7262 | 7353 | 7789 7.2 /3 vy | /%30
7248 7313 | 77/0 ¢'3 /2 -y | '2/30
728) | 732¢| 7747 ¢« /2. oz | "%/3p)
1211 | 728 77c0|  6'7 /5 -8 | /2/3/
7084 7479 | 7595 ¢ g /3 S-17x | //e
7cbo| 7390 7738 | G2 /2 A1y |77
714G | T284 | 76€o| 70 /2 7-30 x ’/;
70781 72311 7437 7.5 // -0y | v |-
cq¢2| 7378| 7717 8§¢ s s0-100x | 72 |
8§70 3887/ §950| 2:7 /0 - i3
J0Go| 7412 | 7779 -3 & 00-2000% | /14
7:83 | 75/€ | Jees| ¢y /0 00-2000y | /g
597 c27q| €459 1 77 /0 x 725"
CcSE| €3yp] Cesel G q 2 /26
o3| 6312 ¢4558] €3 & Y27
130g x
150g y
1000g x
y
Wide Band|/5«2000 x
522000 y
Tharmal | + 7%%
- 10%



o>
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ENGINEERING DATA

@lectronic:Optical-Nuclear products
.. CORPORATION 175 PEARL §T., BROOKLYN 1, N.Y. DATE IsSsuED:
Date: ’ Darte: Date.
Revision A Revision B Revision C
weEt Lip2o TURE TYPE S7/2 R
Plateau Points  Volts |R.P.s. ck-
C/oo {Jso | /ceo % 5:““" TEST | Date
72171754 | 2795 77 7 ' Hzo
| 7433 ]| 7673 s | 7 1| 73
THEo| 7660 | 78 &/ 6o 7 2 | oy
7353 | v7622 | 7770 S5 Is 3i /B3
TC87 | 734G | 7764 G2 7 ’2/28
7/60 ] T4eo| 7820 89 | ¢ Accel. x| %29
7012 | 738/ | 7794 g3 4 % |12/29
2145 | TH42L] 778/ g6 G v | /230
792 | T434| T84 §'3 7 -y | '%/30
722/ | 748G 788/ | && 6 oz | %20
7200 | 745¢] 7867 | 89 Z ox | 7%/3/
7199 | 74e3| T744] 74 | 12 |y s=17x | % |
7235| 749, | 7¢68| 58 /44 Sy | /2
| 102 | 7314 | 7618 7/ /2. 17-%0 x /(£
172 | 7458| 7804 | 8'S 2. 17-80y | 'fu
7257| 754¢| 7829 | 77 A $0-100 x| iz
7257 Te43|. 7857| 8o 144 - Y13
7298 | 7487 | 7}37| &S5 /S 00-2000x | //m
7424 752/ | 78¢5 &9 | 16 ra
T206| 75/9 | 7780 | 7:¢ | 48 he
7252 75¢¢| 7829 76 /9 Yo |
7229 | TS42| 7804 | 7€ ‘q Y27
130g y
1000g ¥
/5e
15
Tharmal + 25°
- 10%

[ O] o ~




@lectronic-Optical-Nuclear products

175 PEARL ST, BROOKLYN 1, N Y.

ENGINEERING DATA

* DATE ISSUED:

Revision A

Darve:

Revision B

Dare:

Dare:

Revision C
v b 4iuq TUBE TYPE Sn2 R
Plateau Points . Volts R.P.8. ck-
dco 950 leco % 2}:"“‘ TEST Date |
7370 | 77714 | 7787 | S# 19 Yo
7375 | 7746 | Scoz7 | g2 21/ 113
7302 | 7746 | 79,4 79 2.4 2 /o5
7364|7537 | 7864 | &¢ 2.4 3 %21
729¢ | 7439 | 7778 | &S5 | 24 124
7250 | 7410 | 7721 & 22 | Accel, +x | %2
7312 | 7425 7795 @5 2/ =X | /229
7350 | 7400 | 7804 6/ 23 vy | 72/30
7300 | 7424 | 77¢8| @3 20 -y | 7%/30
7290 | 7481 | 7799 &8 21/ e | /%30
720/ | 7467| 7728 S7 |1l 2o -z | /2/31
7330 7649 | 7197 €2 22 |vibratign| 5-17 x %
T1ed | 7542 | 7834 | &9 20 Sy | /72
93| 747/ | 7758 8°3 /& 17-50 x| /8
7109 | 71420 7813 9SS 2o 17-50 y ‘l
7245 | 7¢08| 796 58 9 50-100 x | /2
7151 | 1460 77720 82 2o -100y | /a
73¢1 | 7557 7832 &2 /8 100-2000x | /%4
7370 7478 | 7809 Sq 20 «2000y | /18
7308 7¢97] 7871 7.3 /18 |sh lfax
7305 | 77061 7940 | 71 /9 2008 y Y
13ck| 7701| 7905 7€ /8 Y27
N }
130g y
1000g x
Wide Band |/5-2000 x __.ﬂ"
/52000 y
Tharmal | + 7%°c
- . 1 =10%




f “\ FON elecfronic-Opﬁccl—hucloor products ENG'NEE?'NG DATA
\;;\!} CORPORATION 175 PEARL ST, BROOKLYN I, NY - DATE IssugD.
Revision A Dare Revision B Dare: Revision C Dare
Bt Lyyn 7 TUBE TYPE 5112 R
Plateau Points Volts |R.P.§. ok |
Geo | 5o | feco |V | H2™| x5t ouce
125217542 | 772 | $¢ | 3 Y
| 7040 | 7552 | 748 | 10¢ | 25 1| Y
69591 7545 | 76dg | lo-s | sq —21%
73/0 ] 7 77¢ 7-4 27 /3p
€929 | 7454 | 75c8| 74 /8 /%28
NS0 T4¢2] T2 | 49 14 | Aecel. 129
7181 | 7504 | 7758 | 9.7 15 X | 12/
7086 | 7440 | 7500 | &€ /2 +y | %30
Tico | 7398 | 7512 | &6 | 4 -y | %/32]
Tig ™| oo | 754 éo /3 x| %3p
1128 | 7404 7689 7'5 /" -3 -"2/..3!
JeY8 | 7490 | 7602 | 74 /0 |vib =17x | %
7e39 4 7353 | 7714 92 -1 I Yy |72
€981 | 7324 7507 72 | /7 - 78 |
Cgest 7237] 7e¢37| Jov /" 17-50y | 7,
7093 7443 | Tes2 70 20 . iz }
l&7 | 7257 775¢| 78 | /9 W
71724 | 7376 | 7¢97] 7. 20 1002 thy
/c70 ] 73501 72,2 | 104 /9 e
711/ 7548 | 7730 82 20 [shock Vrie
N6 | 7465 | 9¢ 89 /9 Y2t
N 7 ) '
7153 ] 7506 7796 g6 2 27
l1sog y
/5
. /6.
Tharmal | ¢ 29%
_ = 10%
SHEET OF



~

_ )0 EON @lectronic-Optical-Nuclear products

ENGINEERING DATA

CORPORATION 175 PEARL ST., BROOKLYN LNY DATE ISSUED:
Darte: Dare:’ Darte.
Revision A Revision B Revision C
TUBE 4 /)y TUBE TYPE ST2R_
Plateau Points Volts R.P.S. cke
Yoo GSo lcce |l B g)‘:\md TEST Date
cs49 | 21qy | 7423 & q ' 2.0}
CS48 | /99 | 7439 | 72 Z__1Dxy Heat 1173
6965 | 724 | 740g ¢2 7 2 %5_
c3¢ | 7226 | 7517 | @6 (7 3 %30
C€83 | o4z /75| 7] /0 12/
¢712 | 716 | 7255] G § | Accel, |29
C7¢o | 7101 | 7298 ¢ g X | /Y
C748 7076 72342 7-c /0 i +y '?g'{
¢Ico | 7125 | 7282 g2 /2 -y | (%30
Cegs | eqiz | Jieo 9] g0 ez |/%/30 |
(7¢3 | Qoo | 7192 A 1 ;1_227:
cscd| @91/ | 720/ J | & lvib | $-17x | /£
Ce79| €998 | 7/2> Cy é Wy | /7
¢8s7 | €807 1 717¢ Y21 0 S0x | /€
€739 | €998 | 722¥ 7/ / 17-50y | 7/id |
6Guyy | 1d7 | 7388 2 /ef . 114,
891 | 7207 737 @7 W/ - 3
€G3¢C| 7cS€ | 724G 60 /7 100-2000x | Vil
€837 1S9 | 7286 63 | y| 'l
C7Ho | 7258 | 73882 |  G.o| 1=z Shock x lf25 |
€876 | €430 | 7317 | 64 | 1 Y26
808 | 7094 352| 75| e Yaz
1000g x
1000g y
/5w
15
il Thermal + 2%%¢
- 10%
SHEET OF




@lectronic-Optical-Nuclear products

ENGINEERING DATQ

('.m-qi) CEPO(R)ATINO; 175 PEARL ST.. BROOKLYN 1, N Y. DATE ISsuED:
. . DaTE: Dare: Dare:
Revision A Revision B Revision C
R ¢ [y 49 TUBE TYPE 512 R
Plateau Points Volts R.P.8. ck-
Yoo | 950 | lece | % &are TEST Date
747¢ | 7589 | T866 5/ 1 /e V20
7325 | 7599 | 7990 §&L /18 H 1l /23
7417 | 7583 | 7930 | s 20 es
7235) 7599 | 7787 73 | 24 "3 7/
7394 | 7540 | 7722 | 4y ‘7 |lcas st., 2/
7320 7éco | T787% 7Y /(o Accel, 2oy
72395 | 7575 | 79cc 67 /7 - [/2/,,
V4eo | 7523 | 7898 | &6 /19 oy | /2/3 |
7382 | 7507 | 7887 | e /s -y | /2/30
/412 | 7547| 79c3 b /6 YA
7373 75¢co | 7863 | &5 | 17 g |2/
7241 | 7585 | 7572 44 /4 _|vibration| 5-17 x | e
TobS| 7524 7674 | & 5 .11y |'A
e KH 7453 | 7628 73 /4 17-50 x g
7181 | 7394 | 75¢2| 52 /2. 17-% v | 'u
7232 74¢q| 7737 &8 24 $0=100 x | /12
Jeyq | 7486 | 7576 7.0 24 R l/,}_—
/4¢5| Tend | 7781 | 43 25" 100-2000x | '/#4
T1€5| 7€27 | 7695| 7o 2/ 000y | /iy
clg 02392 | 6593 75 20 hock 200g x 'f26
coq7| 328 | €635 L€ 2/ 2008 y re
Ci1o8 | C3lo| cei6| 8o | 22 | e
150g y
1000g x
. 1000g y
(5=2000 x
S /522000 g
Tharmal + 15
| = 10%
' SHEET
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f\éﬁ “ EON @lectronic-O ptical-Nuclear products ENGINEERING DATA
] CORPORATION 175 PEARL ST, BROOKLYN 1, N.Y. DATE ISSUED:
Date: . Dare: Darte:
Revision A Revision B Revsion C
TURE ¢ /(38 wE TYPE S5/2R
Plateau Points Volts |R.P.S. ck-
Gee | G50 | fece | % | B resT Date
73¢f | 7777 | 7982 | 58 | 14 - 2o
7580 | 7884 | K18/ 76 20 | Dry Heat Az
7541 | 7749 | 8rS52 ¢4 19 ) 2| /5]
7496 | Te1q | S1e3 | 80 | 30 31432
72551 7574 | 77871 7 3/ '%/28
7320 | 7540 | 7812 | 7.4 37 | Accel. _+x|'2/29
7457 7562 | 7544 | 5y 30 X | /2/q]
7426] 7513 7| 7881 ¢/ | 29 vy 735
739 7474 | 7519 57 3o oy | /2/30
7422| 7456 | 1919 | €] 3/ /2/30
THeo| THGE | T876 | ey 3/ -z | 72/3/
7269 7556 | 7948 | To 3c__ {yib S-17x | %
7075 7514 | To4e | 115 28 el? v /%
TIH3 | T4 | 74 | 03 | 29 17-50 x| /&
7149 | T565 | 7722 | 76 3o 17-50 y Yt
ce | 74€3 | T9cc | /o7 | 2g $0-100 x | 1>
7058 | 7429 | 7895 43 | 29 - /2
J00 | 7495 79/2| 107 | 3o 100-2000x | Y1y
722" | 7515 7967 /el 2 g |
Shock
'Y
130g y
1000g y
N J!.i.dl__llml_.’i:l!!!m_l_____.J1
522000 y
Tharmal + 25%¢
o - 10%
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CORPORATION

@/lectronic-Optical-Nuclear products

175 PEARL ST., BROOKLYN 1, N Y.

DATE ISSUED:

ENGINEERING DATA

‘Revision A

Dare:

ATE:

Dare:

Revision B Revision C
Rt /g,  m T SHAR
Plateau Points Volts R.p.g, |Dacke
Goo 'l 950 | loso ' 9”‘4! TEST Date
¢730 | 7057] 7392 G4 |24 /2/12
| (753 | 7234 | 7408 | 2.4 Zi ~A|/2/30]
7/37 | 7/57 J4-1 /o 21l
683c | 691 | 73¢L 78 /0 /7
C7ct | 6419 | 72¢4 go| & oas St. Yu
6852 | s70 4o | 7.9 | o Accel, " x| Y9
CEE3 | 7174 | 7422 | 7% /0 x| /g
€857 7/03 | 745 7.9 /10 y | Y20
(275’ go 7051 | 7344 | Lo g ey | /20
g1 7077 | 7379 §-a /i ox | /20 |
€835 | 7055 | 739 79 | ‘r0 | ;:: Y20
cgoY | 7096 | 7274 66 / Vibration| 3-17 x Y2r
(819 | 7075 | 7332 73 | t0 Slly | Y2y
6841 | /241 7377 75 | n =50 x | Y2/
€I8S | 7090 | T384)| &S | 12 17-50y | /24
€778 6962 | 7418 | 92 | /o - %2
€182.| 7069 | 7426 9/ /0 100y | /22
6778 | 7015 | 7422 G¢ g 100- /5
079/ 7055 | 7348 7:q 7 ‘Ar
¢824 | TJo3q| 7386] 79 | 1. |shoek lh
6801 | 7047| 74oy| &L | 12 | v /¢
¢go2.| 7o | 733| 75| /0 0083 | /27
v 150g y
1000g x
1000g y
Wide Band |/5-2000 x
’ /5 2000 y
Tharmal + 2%%
- - 10%




vd

ENGINEERING DATA

(m ON elocfromc Ophccl-nucloor products
o« CORPORATION 175 PEARL ST.. BROOKLYN 1. N Y DATE ISSUED:
. Darve: Dare: Date:
Revision . A Revision B : Revision C
VRt L)1y TUBE TYPE 5//2_&
Plateau Points  Volts |R.P.s. ke
Qeco | Q5o | leeo | % gj:““d TEST Date
7//8 | 1334 | 75¢o ¢o | 25 12/,4
C3c4 | 7405 | 7486 | g7 | 29 H 1|%/30
| 979 | Ts4y | 7488 68 | 32 2l Y
Zcoz| 7231 | 7588 80 30 /7
Joe42| 7348 |- 7752 97 24 7).
705/ | 7449| 7570 _To 30 Accel, - "/157
©g23| 74s5¢| 7489 7€ 29 bndl I//1)
€y872| 7452] 7521 73 | 2§ o | /20
6955 7454| 7509 | - 74 | 34 y| V20|
€939| 74ec5| 7499 | 7¢ | 3o 2] hig
€947 7429 75py | 75 | 31 x| /20
¢Go2 | 74cl 7496 | &-e 3o Vibration| S-17 x /2/
éf)/z 738/ | 7427| o 29 M1y | Yyl
éQX/ TH4IS | 72498 70 3o 17-50 x 1/ :
6994 | 7323] 7543 7s | 34 17-50y | Yl
64s8 | 7389 751t 76 33 $0-100 g | 72
C9do | 7422 | 7Sc2| ¢ | 29 100y | 772
7109 | 7244 | 750 S$s 2y 100-2000% | /22
©g72| 7319 75¢7| 8/ '] 30 2000y | 723
2040 T28/| Tsag| ¢q | 29 K Vo
2006 73co| 7s552| 745 | 3o 72¢1°
©g93| 738 7527| 73 | 3o %z
130g y
1000g x
1000g y |
. /522000 y_
Tharmal - | + 2%%
_ - 10%

SHEET OF
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@j\ quOI\ @lectronic-O ptical-Nuclear products
S - CORPORATION

175 PEARL ST, BROOKLYN 1, NY.

ENGINEERING DATA

DATE ISSUED:

Date ) Dare: Darte:
Revision A Revision B Revision C
Tt [)5p TUBE TYPE S12R
cke
Plateau Points Volts n.:.s. g;:und TEST Date
c3/8 | 7149 | 7,54 481 20 - Y4
€420 | 7037 | 7378 65| 2o L1730
¢79¢ | 7029 | 735¢ 725 | 25 . 2l /s
€798 | 7708 | 733¢ 76| 24 3i/7
$18 | 734 | 7369 7.7 | 24 |2
898 | 7077 | 7311 S8 22 | Accel, | /9
¢725 7219 | 7473 /03 2 x| Ya
G811 | 7143 7392 g/ 24 vy | ko
6768 | 7183 | 7432 9.2 2y -y | f20
C746| 7201 | 74272 94 20 Yo
6757] 71927 7427] 93] 22 s /20
c§30 | 7242 740 80 22 |vibration| S-17x | %/
e;;qz, 7217 TH & J"’Z 2.0 17y Y21
E3US| T 7364 73 /9 12-50 x| /24
€501 | 7169 | 73951 S| 23 -0y |7/
784 727¢| 74131 00 22 | Y22
G4l | 7176 | 7362 73 /8 - Y2z
812 | 722¢] 7357] -0 2/ 100-2000x | /22
cJc& | 7222 7430 9.2 2.0 - Y22
€792 7115 | 7202 58| 79 200g x| /ar
GG | 7153 7355| 6/ /5 fat
¢3¢/ | 73¢] Te@| TP 20 /27
¥
A e ——y
/5 22000 y
Tharmal + 25%
_= 10%
SHEFY DF 0




CORPORATION

ENGINEERING DATA
(’éﬁ/ EOV @/ectronic- Ophcol-ﬂud«n products :

175 PEARL ST., BROOKLYN 1, N.Y. DaTe luuto
Dare: Dare: Oave:
Revision A Revision B Revision C
TBE ¢ L/ /4 TUR TYPE S12R_
Plateau Points Volts |R.P.8. oke. . |
eo | Qsv | /leco | % Erqund TEST Date |
7339 {7563 | 7723 | 57| 45 2/
116/ | 7565 | 7752 78 42 11/2/30]
| 148 290 | 751y | 43 51 =
7093 7335 | 74 Sy So 121
707/ 73249 | 7756 94 | yg Yu
7199 | 7598 | ¢80 €3 152 | Accel, | /9
120/ | 7390 | 7713 &q S50 X | /19
7200| 7494 7696 6t | o4 | /20
T2ce| 7442 7704] (.5 | <o y| /20
Ti4e| 7413} 7730 -G “4 & sa| /70
7/99] 7420] 7378 7:9 | 4§ x| /20
7128 | 7416 77s¢ 7:8 | 4G |y S-12x '| AJ
7189} 7485S| 772¢ 75 5o -1l v Y24
7/ 8 TH935| 7744 74 449 =50 x Y2l
Qg | TYI8| 77/ 8 72 Y9 17-50y | 2/
7305 | 7424 775 &/ HE " - Y22
7207| THn | 7e¢8)] Gy 448 100y | 722
745¢ 71418 79/7| @ 4z 100-2000x | /23
71228| 745¢| 7706 Y| o 2 Y22
126¢C| 744/ | 7724 62 J 2 Yos|
7233 7468 77/2 e/ JO 9/524
118 | T8 | T672] ¥ | sp . Yoz
130g y
1000g y
/5e
. 1522000 y
Tharmal | ¢ 29°%C
N -' - 10%




“ conronnou

ENG'NEERlNG DATA
- @lectronic- Optical-Nuclear products

175 PEARL 8T, BROOKLYN 1.NY.

DAaTe IssugD:

Dare: Dare: Dare:
Revision A Revision B Revision C
VR4 /|3, TUEE TYPE - 510 R
P Potnts  volts |R.p.g. Ck-
e 1 0% 2 | Joee 1 : Fjound TEST Date
g2 | 7558 | 7¢77 79 | 20 ' 12/
lico | 769¢ | 7624 6 /7 112
031 | 7368 | 7s¢o 72| 7/ Y
7023 | 7398 | 754¢ 7/ /4 /2
7131 | 7229 | 79/3 79 | /s ‘fu
€09 | 7198 | 7649] 8§99 | /¢ | Aceet %9
70i8 | T30l | Jouy] g4 | /e <70
70/3 | 7252 | Jé4¢ 87 /2. +y | Y20
015 | 7279 | 76¢40| 8o /Y -y | V20
2073 | 7254 7¢2¢| 74 | s vzl fo
050 | 7222 | 765¢| &4 /s~ -5 "ég
140 7398 | 7¢.08 | <y /S |vib $-17 x Y2y
7oyS| 7283 7632 & /¥ W2y |72/ ]
/¢ 7304 | 759¢ 6§ /2. - Yoy
LUS_| TREC] TESH] 7y | iy -0y | %5y
e85y | 7357 7 7739 73 /4 - 2
082 | 7582| 7¢26]| 7./ /2 - Yfrr
ICE8 | 740 | 7675] 62 /1 100-2000x | /22
Y/l 74{3' 7_?2(’; &7 /2. 2 //7/7-‘
los0) 7379| 7¢s¢] g3 | /=2 200g x | /o
7032 | 72¢8| 7458 §8 /Y 7{?
- ] v /
70946 | 733( 76?‘7{,7 78 14 Y27
130g y
1000g x
- 1000g y
o
- 5,
Tharmal + 28%¢




. ' : ENGINEERING DATA
@) E'QN @lectronic-Optical-Nuclear products .
¢ ATION

175 PEARL ST.. BROOKLYN 1, N.Y. DATE IsSsuRoO:
Revision A Dare v Revision B D‘w< Revision C Dare,
TR ¢ /(35 TUBRE TYPE S112R
Plateau Points  Volts |R.P.§. | D&cke .
“Joo Q5o [coo % 5:““‘ TEST Date
| 7723 | 747517773 | - #£7] 33 /2//
7078 | 7597 | 7803 ?7 449 1 //2/30 |
| 7168 7496 | 7796 4] So 2| /5 |
7253| 7507 755 4.0 Y i/
7/18/ | 74¢e8| 7797 g3 S2 ‘L
7264 | 7617 | 7764] €6 | +#7 | Aeeel, |
7328 7543 | 783¢ gz S5/ el /2220 I
729C| 7580 7800 67 A s | ‘o]
7312 75¢/ | 7818 67 43 ey | %20
7282 7534 | 7685 | 53|, 4q sxl| oo
73co| 7540 | 718 A 92 =gl %20
7291 7537 | 770/ | &4 | S0 |vibratien| $-17 x| Yo/
T30/ | T54G| 7759 /] &p y | Lo
72771 7528 76551 5p $4q . _Z;L_
72941 7544 T73&| $§°9 S/ 17-50 y
2K) | 7547| 7e27]  dis|  4g | . /27-
7323 7534 7787 €2 49 - Y22
730 754) | 7704 53 “48 | - Yoz
7299| 756o| 7752| Co'| 49 | /22
2 7583 | 7687 53 5/ |shock /25
7306| 7544 | 7737 57 S0 y Yze
7302 75521 772 S 49 | Y27
10008 y
5=2000 % | |
. /522000 y
! Tharmal | + 29%
- . | -10% |

SHEET oF



| elecfronic-Opﬁgal-ﬂuclocr products

175 PEARL 8T, BROOKLYN 1, N.Y.

-

DATE I1SSUED:

ENGINEERING DATA

Dare: Dare: Darte:
Revision A Revision B Revision C
vRb [/ 5 R TYPE  S/2R
Plateau Potnts  Volts |R.P.S. ck-
TDro 950 | Jcoo| % 2‘72“‘“’ TEST Date
85 | 7292 | 75¢o| G717 ' 2/71] -
¢33 | Fez2 74€7 Z:6 /8 |Dry Heat 1 _’?;Zm *
IS | 7271 73871 741 /7 2| /s
6976 | 7332| 7384] S¢ | 17 Y2
¢8 391 7306| T42¢ £ /5~ Ve
Cq84 | 7165 | 7562] §-4| o | Aecel. x| 09
J/10 | 733D 7480 S/ /4 x| Ya
7047 7247 753/ 67 // vy | 20|
J078 | " 728K8| 7565 67 /3 -y | 2p
CI81 | 7207| 7474] @& /D +z | /20
70291 47| 7519| 68 /5 x| /20
70057 7227] 7496  6g /2. |vibration| 3-17x | 75
Joi17 | 7237 7507] &8 14 A2y |/
cq9e| 7284 7445 &2 | 14 7es0 s | Al
Tcob| 7260| 749¢ 'S /12 17-50 y oy
703l | T130| 7595 79 /12 . ’(gz
72¢/8 | N3Q| 7530 72 /0 R /o2
7o24| 7134 | 75¢0] 76 Q 100-2000x | /22|
CG74| Tuno 7494 73 17 00-2000y __ZZZ. |
69991 12?2 | 7528 | T4 7, Y5
986l T1e | 7514 744 /2 y 124 |-
T048| 7223| 7495 62 3 2z
150g y
1000g ¥
e —
—|Tharmal + 2%%
- - 10%




/

iy

EO

N @lectronic-O ptical-Nuclear products

'ENGINEERING DATA

‘ CORPORATION 175 PEARL ST., BROOKLYN 1, N.V. DATE IsSueo:
[ =
' ‘Revision A Dare: Revision B D;TE: (Revision C Dare
TURE # lﬂ‘/} v Tvee 570K .
Plateau Points Volts R.P.8. ck-
co | 950 | Jeco | % g}':‘md TEST Date
6539 | 6986 | 738p | /2:/ | 10 7277
5871 7107 732/ s03 | 75 |pry Heat 1|73 |
¢596] 8871 714 | &4 | 7 2| /s
64481 6897 7250 | 1113 6 3l Yz
€7/91 07| 7093 | &3 £ lcas st V7
67c5°| 7136 | 727/ 7.G Jo | Aeccel, |
tc2| Jio/ | 72/8| &7 q | /g
6683 718 | 7244 83 é vy | on
©¢27| 7109 | 723/| &S S -y | 720
6547 7003 | 7762 88 7 os| 720
Cloo| 7103 ] T22/| &7 9 -z | /20
£573| 7053| 7/9/ £& d |vibration| 35-17 x Y21
591 | 7068 | 721 §& LO S-lly | 7z
| 66SS | 7087 | 7252 Y | /O 17-50 x Yy
c628| 7095 7186 7G| ‘U 17-50y | /2
| 6821 | 698/ 733%¢| 74| ¢ 50100 x | /22
| elc] | 7048 7279 72 7 - Y22
| e704| o/t | 7308 78 g 10022000x | /22
| CLGl| Tasy| 7247 78| 9 Y2z
L__é_']_(g 70/8 722/ 76 /0 ‘ k 200g x Y25
€127 703¢| 72¢4| 77| ¢ 2008y | 724}
774 | 7c08| 7202| 76 2 Wird
150g ¥
y
/5=
Tharmal + 2%%C
- O
. ; SMEET  OF




e

LA

' — ENGINEERING DATA
EON @lectronic-Optical-Nuclear products &

@ CORPORATION 175 PEARL.ST., BROOKLYN 1, NY. - DATE ISsukoD:
, Dare: - |Dare: Darte:
Revision A Revision B Revision C

R ¢ /2y TR TR S5//2R
Plateau Points Volts R.P.8. ck- .

Qoo | G50 | Jooo| % FHound TEST Date
723/ | 7477 1779, 76| 32 %77
7201 | 75071 7643] &9 | 2z Heat L172/30
7043 | 736 | 7 75 /7. Y
748 | 7325 7476 6y /8 3177
1096 | 7486 | 7¢35| 72 19 . Yy
2e8] 5491 7y |32 | 25 | Acesl: /g
7111 | 7368| 7¢640| 72 /5 x| Yiq
/39| T458| 525 &2 15 vy | Y20
7125 7413 | 7582 62 17 -y | /20
7146 748/ 750 | 49 | e x| Yoo
7135 TH447| T54¢| Se 4 x| Yoo
T4 | THéy | 75268 G2 /& |Vibration| S-17x | /|
J/1257) THiI6 | T5RK | 62 20 -17 v /2
7135 | 7428 7547 &% 2, " 17-50 x /2y
7123 | 7398 | 7593| G4 20 17-50 y Y2/
7o49 )| 7252| 7537] 67 /8 - Yoz
% 7353 7807 /-0 /'8 - Y22
7022 | 7302 | 7¢72 | £9 /9 002 Y22
7ec9| 7327 7729 /o0 /7 Y22
1072 | 7377 | 7643 | 7' 2/ |sh 2008 x | /28]
700 73/4| 759 73 20 Y26
Jott | 7395 7616 75| Zo Y22

1g y
M&J, .
~ 15 .
Tharmal + 2%%¢ |
- 10%

[3%] 4 o 4

~ o



L

EON

CORPORATION

@lectronic-Optical-Nuclear products

175 PEARL ST, BROOKLYN 1, N.Y.

DATE ISSUED:

ENGINEERING DATA

DATe: Dare: Darte:
Revision A Rmsnonr 8 . Revision C
TUBE # Dofny TUBE TYPE 6224
Plateau Points  Volts |R.P.5. |DACke
Too 750 oo 4 5‘."““‘ TEST Date
6895 | 6923 | 705/ 22 | & lfa
6981 | 7179 | 7290 43 4 | Dry Heat 1.%30
T348 | T4i& | 7443 /3| & 2172/3
J106 | 7238 7530 S4 6 3 12/7
6935 7043 | Too2 /O 6 | M%l 12/28
7010 | 7089 7112 /-4 S| Aceel. +x |12/
Yoo | 7150 | W99 /144 5= x| 2/,
7040 Zico | 48 /s 7 +y | '2/30
0987 72 | 783 2:8 o4 -y | /2/30
7077/ | 7/89 7224 2/ s 2[3p
o4 | 7468 | 7259 2:2 A _ep | 72/3/
7026 7192 | 7306 39 4 Vibration| 3-17 x | /4
J068| 7200 | 7345 39 s el7 v Yy
2188 | 7277 | 73é¢| 25 s 7-50 x| /4
722¢| 7268 7369 2.0 4 17-50 y Yo
7095 | 7229 | 7279 2¢ 4 50-100 x | /4
71920 73s55| 7316 | 17" S -100 y | /4
7142 | 7323| 7339 27 7 100-2000x | /5
Joo3| 7158 /8 43 s Vs
T2é2) 7297| 7493 | 32 | G 2008 x| /a5
Tosy| Tog&| 7295 34 o 2008 y e
2158 7192 7394 33 s Y27
7222| 747/ 7399 24 | 2./
| 7243) 745§ | 7§90 Hy 150g v 2./
73/4 | 7385 | 7691/ St | ¢ 1000g x |22
7378 735/ | 7566 | 26 | ¢ y |22
T4E8 | 7677 | 7874 53 o /5 o 2.12
14891 7797 | 7979 ¢3 4 1522000 y | 2-/2
7379 | 7436 | 7469 12 4 Tharmal e 7% | 3.7/
| 7279 | 7327 | 752¢ 34 'S - 10% |3/
. &




@lectronic-Optical-Nuclear products

175 PEARL ST., BROOKLYN 1, N.Y.

DATE ISSUED:

ENGINEERING DATA

Revision A

Dare:

Dare:

DaTe:

Revision B Revision C
TUBE ¢ /4_3'/ TUBE TYPE €226
Plateau Points  Volts |R.P.s. ck-
oo | 750 | Soo | % S TEST Date
4965 | 5768 | 584¢ /1573 9 ‘
Sihy | 5189 | 5858 12:3 8 Heat
5468 | 5733 | 595/ 84 lo
34 5596 | 5812 84 1 3
5257 8576 | S748 89 I
S3o0r | 5577 | 5784 £°8 /1 Accel,
S388 | 610 | ¢o0s8 /)2 & X
S355 | §592 | Gooe A 10 +y
411 | €86 | o116 124 /0 -y
5393 | $4897 | s%4q g3 2
S200| S494 | 698 90 /1 -
SSce | 5823 | 5959 89 /3 |Vibration| 8-17 x
S520| 5817 | £937 72 // 5«17 y
S552| 5865 | Go77y q-/ /2. 17-50 x
5493 | L5770 | 5859 4 12 17=-50 v
S431 | 5699 | 5958 §& /o0
£522| 5579 | §84& $5q /1 -
468 | 5708 | $£63 69 /2 100-2000%
$£689| 5830 | $797 8 /1 0=
S496| S84 | §909 7/ /2 _ | Shock 200g x
§585] 5884 | 5994 7.4 /0 2
| 5522 5862 | $950 7'3 /0
| 5917 | 602¢ | éo47 2:2 1 '
S8¢3| 5995 | éo70 34 150g v
b5 790| 60/6 éccs” 3¢ 1000g x
$577] S$920 | 5987 4 ¥/ y
59092 | 6002 | C3cs 76 Wide Band |/5 <2000 x
S874 | 5927 ] CHee /:0 /0 15
S543]| 6ooS 60% 7' // |Tharmal + 25%¢
S576| 5969 5990 ¢'q 10 - 10%
SHEET OF.



e

EON

CORPORATION

@/ectronic-Optical-Nuclear products

175 PEARL ST., BROOKLYN I, N.Y.

DATE ISSUED:

ENGINEERING DATA

Darte: Darte: Darte:
Revision A Revision B , Revision C
wee ¢ /7o/ TUBE TYPE 6226
Plateau Points Volts R.P.§. Back- "
—7c0 750 K00 % g;:md TEST Date
€758 | 6859 | 6897 ] 20 4¢ (222 |
6335 | 6851 | 7023 | 27 47 |Dry Hegt 1 [/%30]
195 7237 | 7297] /¢ 37 2l |
7133 | 7153 | 73/8 ] 2% 4o 31Y/7
7224 7243 | 7282 | o0& 40 |Gas St, "
708 | 7229 | 7348 33 42 | Accel. x| UM
g4/ | 7158 | 7367 ¢o° o4/ x| Y
7024| 7193 | 7358 | 4.7 35 4y | o
cqf2| 7175 | 73¢2| &3 32 -y | 20|
7cs8) é4 | 7340 39 30 +x | Y20
cqe®| Jolt | 7448 30 32 -z | /20
7387 7348| 75c¢ 5¢ 3/ |vibration| S5-17 x /21
7349 | 7448 | 7580 | " 3/ 38 5-17 y 24
7128 7179 | T459| 46 38 17-50 x| /2|
7238 7313 | 75/9 | 39 37 17-50y | %) |
T/83 | 724¢ | 7489 402 4o 50-100 x | V23
72/0 | 7279 | 7504 G40 oq2 100y | %3
7382 | 7468 | 753/ 20 “$g 100-2000x | /23 |
7296 | 7373 | 7517 30 ¥3 . =2000y | /2>
Jo 64 7040 | 7230 23 46 3 ' V;Z
7/80 | 7231 | 7373 27 40 2008 ¥ Yol
728/ | 72349 | 7452 2:3 Y$2 ‘a7
76¢€/ 7890 | 78¢0 | 2:6 150g x 2/
7¢85 | 7906 | So4o 45 150g y 2/
7766 | 7832 | 7849 /-0 1000g x | Z/2
7420 | 7468 7527 /Y 4¢ 1000y | %2
78EL5 | 7996 | 799/ /6 nu.s:g_m.L_'~‘~_1zs:sm_:__2/14_1
71708 | 7925 | 7944 | 3.0 40 __ |/Ta2000y | /12
7683| 7510 | 7982 | 40| Y/ |tharmal | s 25% |3/
| 745/ 7529 | 7669 2/9 38 -10% |3/sp

SHEET

OF



‘

EON

CORPORATION

@/ectronic-Optical-NMuclear products

175 PEARL ST., BROOKLYN 1, N.Y.

DATE ISSUED:

ENGINEERING DATA

Date:

Darve:

Date:

Revision A Revision B Revision C
e ¢ /9/5 TURE TYPE 6224

Plateau Points Volts R.P.8. Back-
Joo | 750 o q g}‘:“ﬂd 'TEST Date
o77| €387 | G512 | 68| 3 /2/28
6522 | 6590 | ¢ér/ /3 2 | Drv Heat 11730
CH26 | 6845 | 6783 52 4 /5
¢€35| 6533 | 6653 | 02| 3 |« 3i//7
6341 { €483 | ¢e34 Y5 4 - 1Yy
¢505 | ¢543] ¢6e3 2.4 3| Accel: x| /g
637/ 6577 ¢eof 37 4 X | Yig

438 | 65/0 | ¢e3s 30 ¢ +y | Y20
CHo4| 0543 ¢eas 33 A -y | /20
€415 | 6694 | ©702 43 7 s | /20
cHoq | ¢e18 | 6eer 34 4 -z | o0
¢581 | 6807 eSoy 33 3 Vibration| S-17 x | /24
€62/ | eJo2| 985 S4| 3. | S-17y | /24
ceol | €754 | 6394 et 2 17-50 x ! ¥,

61/ ¢728 | €944 0. Y 172-50 y | Y2/
CESo | C8E4 | 6995 46 s - 72>
CeHs| €796 | f969 ] 48| 100y | %>
63| 6801 | e38¢6 40 ¢ 100-2000x | /23
C514 | 6747 | C794 | 42| 4 o |100-2000y | /23
C5791 &771 | €88/ 45 3 |shock  1200g x 28
C5HG| €759 6§37 H43 |  H 2 'f2b
¢530| €¢753| ¢8/5 42 | 2 73
7079 | 7241 | 7164 /2.1 . 2/,
€g75| To4& | 7/183 3:0 150g y 7
Cees | 6981 | 7234 82 1000¢g x | Z/>
ed8 | 6963 | €996 | 5o 3 1000gy |2
Joeo | 7270 | THéo S6 Wide Band |/5-2000 x | %//2 .
7//8 | 7263 | T438 4 2 15 220000 y | /2
€26| ©qqy | Teea| 25| o> |tharmal | « 239 | 3/
e898 | 7oel | 7146 35| 3 = 10% | 3/

SHEET OF



@ conronﬂor«

@lectronic-O ptical-Nuclear products

175 PEARL ST.,, BROOKLYN 1, N.Y.

ENGINEERING DATA

DATE ISSUED:

Dare: Dare: Dare:
Revision A Revision B Revision C
TUBE # DS -  TUBE TYPE 4204
Plateau Points  Volts |R.p.g, |DBack-
Jce | 750 | 8ece | % §7ound TEST Date
cege | 6194 | ¢435s | &7 A i JeY4
c18¢ | €398 | ¢373 2:9 8 ; H 1| /%0
Y751 6¢ry ¢72q -8 7 //s
C430] €44 | ce24 | 2.9 7 3 /7
475 | 513 | ¢43 % (s § |Gas st vz
€395 | ¢499 | ¢5/12 33 7 Accel. 7z
CHY2 | 502 | €724 43 7 SRz,
byq18 cSco | ¢ér38 3/ 8 +y | Y20
430 | ¢Se) | ¢eyy 37 A -y | V20
€Ys52| €554 | Cyce 35 < sx | /20
CY35| €529 cerq] 34| 4 -] /20
443 | sy (e 79 3¢ 7 Vibration| 5-17 x 72/
€387 | ¢S50 | ¢éeq 243 6 S-11y | 72/
¢510 | (628 ¢825 4.8 4 17-50 x| %2/
C456| €73 ¢réq 47 7 17-50y | 72/
CYE3 | CéSo| Cpg¥ 471 & 50-100 x | /23
€Y | G| CTr1y // 7 - /23|
vs5e2 | e8| C¢I9L 34 7 100-2000x | /23
€175 1 €724 G¢ssc /7 4 100-2000y | /23
AR CESE | ¢83(L 2:5 3 Shock 200g x vexd
52| 6679| ¢5c2 36 ¢ 2 Loé
LC!S | 682 €819 3/ 4 //17
797 é‘ioé ¢897 /'S o 1 24
6933| 7134 | 1,92 36 9 150g v 2//
7030 | 6982 | 7243 3 1000g x | %2
C81/ | Joyt | 7083 39 5 1000gy |24 |
7228 | 7247 7407 2. (52000 ¥ ¢//'z-,#
2091 | 159 | 7299 (S]] & 15 Yo
58| 7008 | 7155 S S~ |[THermal | ¢ 7%9%¢ | 3/,
| ¢8eS| ¢g3C]| wee vyl - 10% | %p
) SHEET OF



v

5
[/ '

EO

@lectronic-Optical-Nuclear products

ENGINEERING DATA

.. CORPORATION 175 PEARL ST., BROOKLYN 1, N.Y. DATE ISSUED:
Date: Dare: Dare:
Revision A Revision B Revision C
TUBE ¢ /(¢ TUBE TYPE 6226
Plateau Points Volts R.P.8, ack-

Too | 750 Soeo % 572‘“"’ TEST Date
o421 | 68 | ce7/ 34 7 "2
329 | 539 | o8¢ £ 9 Heat B2
0545 | 68/ | 6739 2q /0 2/%>
6385 | 0492 | 70/ 4 /1l r/7
©191 | 6587 | ¢553| <c5]| ¢ 1Ye8
6270 | €5%50 | Geéce 5.0 7 Accel, ‘Y29
30| €595 ee27 Y. g & X | 344
€250 | GSeo | ¢598| oy /0 2/30
©282| ¢5/2 | ¢e3¢| <& 7 -y | ‘Y0
6340| €509 ¢eso Yi2 A '2/30
©378| 6573 ] cegs 46 6 2/3
02| 694 | G512 32 4 Vibration| 5-17 x V4

| G2 | 6es4 | @78 2'8 3 Sy | ¥4
€53/ | ce84 | ey i 4 17-50 x| Yy
ce7¢ | 6537 | ¢zs0 2/ | 2 17-50 vy Y4
cH70 | 6602 | ¢7c3 35 4 50-100 x | /4

C3e| ¢c658 | 73, X G - Yo
429 53¢ ¢520 /4 /2. 100-2000x | /5
0486 448 | 575 /3 /1 -2000y | /5
eS13 | Y450 | ¢e76 2.5 g hock 200g x Yog
C453| €524 | (¢egq 3£ &£ 2008 y Y2t |
CH83| G487 | (e87 32 4 Y27

| C583] €767 | «790 3/ 150g x 2/1
€751 884 | To2v 4.0 150g vy 2/
0834 | 6865 | 7054 | 32 1000g x 2/2 |
| 0562] ©737 | ¢724 24 3 ) k)
7087] 7c01 | 7318 | 33 /522000 x | 2//2
7420 7071 | Fr23 cs 4 1522000 y | 2//2
©e8) | (767 | €54¢ 2.4 4 | Thermal + 25% | 3/
| L7493 ¢£37| 7c0q| 34 3 - 10% | 3/p
SHEET OF




EON

CORPORATION

@lectronic-O ptical-Nuclear products

175 PEARL ST, BROOKLYN 1, N.Y.

DATE ISSUED:

ENGINEERING DATA

Date: Dare: Darte:
Revision A Revision B Revision C
Tt DD hg TUBE TYPE 6226
Plateau Points  Volts |R.P.5. |DecK-
Joo 750 Koo % 5:“”" TEST Date
6879 1686f | 1ee | U2 17 /)23
7145 | 7224 | 7308 2:3] /4 [Dry Heat 1 /30
7182 | 7346 | 7303 /'S 14 2172/3
7080 | 7355 | 8362 | 174 13 . 3/2/7
7002 | 7064 | 7/78 24 /3 _|cas st. '2/3§ |
7100 | 77180 | 7230 /& /o | Acecel, +x | 12/29
7/885 72/0 | 7290 /'§ /10 X |/2/24
12 | 7200 | 7295 | /8 7 vy |/2/30
Joyq 19/ T2c00 /7 -1 .y /2/30
7104 | 147 | 7268 2:3 / +x |/2/30
71681 7237 | 7344 | 24 /04 -2 /2/3(
72396 7441 | 752¢ /'€ /[l ___|Vibration| S-17x | //4
7410 | 7474 | 75c0| /2 /2 | Sy |//¢
7405| 7450 75S2| 19 9 17-50 x /¢
1421 74o0| 7637 | . 30 // 17-S0y | /4
740t | 7423 | 7595| 246 /0 50-100 x| /4
7307 ]| 7470 7383 /0 // -100 y | Y4
7176 7272 7444 37 /¥ 100-2000x | /S
7236 724/ 7372 /9 /4 /s
7296 7397| 7575| 38 /o k 200g x 725”
7204| 7488 | 7435 3/ q 2008 y 26
7250 7441 | T5c5| 34 /1 2008 & /27
| 76/3]| 7603 | T€47 o5 ' 1 Z//
7¢76| 7683 | 777/ /2 150g y |2/
798| 7727 | 78049 rY 1000g x| /2 |
7502 | 7576 | 7636 | /g /2 - 2/p |
K047|. 8125 &13G // ¥ide Band |/5-2000 x | %/
7983 8037 | 7999 2.0 /0 /5a2000 y | %2 |
7957| 7727 798¢ ¢q /l_|Thaxmal |  7%% |3/
| 7452| 7532 | 7943 & no| - 10% |3/ |




. . ENGINEERING DATA
@/ectronic-O ptical-Nuclear products

175 PEARL ST, BROOKLYN 1, N.Y.

EON

CORPORATION

DATE ISSUED:

Dare: ) Dare: Darte:
Revision A Revision B Revision C
TUBE # 15'2’5 TUBE TYPE 622¢C
Plateau Points Volts R.P.S. Back-
7o | 750 | goo | % | & TEST Date
el49 | 6205 | €366 35 Y4 1129
€22( | £287 | €409 30 8§ | pry Heat 1 4/3e
| €425 | €43K ]| E5CY 2:2 4 2172/3
Cru7| cury | ¢usy 5/ 4 3| /2/7
143 | €238 €275 24 2 @mj%ﬁ 12/%.
| €228 | ¢3c4y| 412 29 3 | Accel. x| 2/
| ¢1gR | 6312 | ¢578 é 0 3 x| 12/29
¢c1i0] €277 ¢392 4 s S +y | 12/3p
¢217 | €308| €508 | 4.¢ 4 -y | /2/30
G177/ L2658 424 40 2 +g | 12/30
| €132] €240 €398 | 43| 2 -z | /2/3)]
€357 GH70| 6493, 2 4 _|vibration| 3-17 x I/¢
6322| €119 | c472, 23 3 Uy | V¢
| (427| C486| €€32| 32, 4 17-50 x| /4
| e3c2| C472| €478 2:7 S 17-50y | Y4
| €379 | €473 C€97, 44 7 50-100x | /4
€290 | 382 @442 2.4 é 100y | 4
28| 40| 63462 -7 2. 100-2000x | VS
6370 6298 C430 /0 3 Vs
€354 | 6421 | 6559 32 4 | shock {
G288 53| Geye 39 2 2008 y /26
37!/ 6480 | Céco 35 / N 2008 & Y27
66!5| 4731 6727 1 4 150g 'x 2./
c630| €757 | €792 2:4 150g ¥ 2.1
C45qQ| &4y | 470 /6 | 1000g x | 2.2
Cug3 | €689 6724 3¢ 3 1000g y 2,2
0707 | 6834 | 689y 2:7 /522000 3 | 212
6738 68548 | €937 2.9 3 152000 y | 212
cer5| 6697 | 674¢ 2.0 4 ITharmal | < 7%% | 3./
€539 ] €575 | €824 43 4 -10% | /0

SHEET  OF




roi

‘V

- _ ENGINEERING DATA
(Q:@ EON @lectronic-Optical-Nuclear products

‘l

- CORPORATION

)

175 PEARL ST, BROOKLYN 1, N.Y.
4

‘ DATE ISSUED:

Dare: Dare: Date
Revision A Revison B ' Revision C
TUBE # Dohyd TUBK TYPE 6226
Plateau Points  Volts |R.P.s. S
700 750 Lob % ¢/m TEST Date
Co75 | c704 | 6939 | 37 | s Uryi
o848 | €885 | 717 | 39 | 6. |bry Hest 1 %30
/0 | 7058 7365 | 3¢ | 6 2]/2/3
C8/8 | 6933 | 7659 | /2y Vi 3 /2/7
C659| ¢107 | ¢18 08 [ l2/2
b7co | €792 | 6812 | 1¢ | 4 Accel, x| /2/29
Leb8| €745 | 4859 2.8 4 X 1 /2/29
| 672¢6] 67/2 | 6800 /:/ S +y | 12/3p
6£8)) 6654 6752] to 3 -y |2/
| o800 | 6873 | 69S1 2:2 6 +z | 2/30
6810 | 6945 3§ 6 -z | 231
€G58 | 7oéo | 64g¢ 05 S™_ [vibration| S-17x | '/
pg42| Toot | 6981 | 05 | 4 | sel1y | Y4
850 6932 | /162 | 45 | 3 17-50 x | 'Y
ogeo | 6954 | 7137 34 | . 4 17-50 y Yy
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